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THE Editor of ee prefent Pong this 
Wi ork, being the twelfth, has endeavoured lo. 
make thofe Corrections and Additions, which ke 
prefumes the Author would have done, had he ; 
been alive at this period ; which is fo interefting 
in Aftronomy, by the difeovery of five primary 
» Planets, eight Satellites, and other Phenomena, A 
Jfince the death of Mr. Fergufon in 1776. Four 
of thefe Planets have heen difcovered fince the | 


commencement of the prefent century. 


“The Editor has compared the laft with the firft 
and other Editions ; and he hopes he has Juc- 
ceeded mm reforing- the Work to its former fiate 


of correétnefs, and in bringing it down to the 


; ; be 
3 AQ prefent 


Vi a Gs Pi Fea BEA 


prefent time. He cannot omit. mentioning, that 
the : chapters upon the Equation of Time, and 
the Precefiion of the Equinoxes, in the former 
Editions were blended together; thefe he has’ 
feparated : And having given much attention to 
the Work throughout, he trufts it will be Bh : 
to be confi derably improved, and more “correét 


than any of ace former Editions. 
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PLANETARY CHARACTERS. 


NX 
ey re prefents ~ «The Sie || } reprefents -Sarury. | ~ 
pj ------+- The Moon. | H - --'- - > - Gzorcran. . 
%o------- Mercury. Qo----- - Ceres. 
@ ------- VENUS. Sieur —oape yee PaLLas. 
QT WS rhe Ee iy RT PLA Fa vel te 
g----- ,~ - Mars. | ae ee + + + VESTA. 


W--- = -- = JUPITER. 


\ 


ASPECTS OF THE PLANETS. 


é- denotes, Conjuncéion, or Planéts eae the fame Longitude, 


Ro - - - + Sextile, - - the difference of Longitude of the 
. : Planets, being ofigns or 6o degrees, 


rm ---- Quartile, - the difference of Longitude of the 
° Planets, being 3 figns, or go degrees. 


Trine ----the difference of Longitude, being 
- «4 figns, Or 120 degrees. 


b 
a 


\ 


Oppofition, or Planets fituated in oppofite Lonei- 
tudes, or differing 6 figns from each 


ae “others - 
) i J 


(] 
Q 
1 
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SIGNS OF THE ZG Dia €. 


oe. reprefents AntEs. 6. 2: reprefents Limra, 

fB - oe + Taurus. fo. ape coereic ScoRPIO. 

a. WH --- + - GEMINI. rene ames er SAGITTARIUS. 
a, og - + ~~ - CANCER. || 9. WP - -n - - CAPRICORNUS, 
4. Q& ----- Leo. i 10.) +. - = 9a AapaRDS. 

5. Wy - - -.- = Virco. —4ie & - = - + - Pisces. 


ee Al M. Ante Meridian, or Before Noon. 
P. M. Poft Meridian, or After Neon. - 
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OF rr onane: in general. 


x, \F all the Sciences cultivated by ranhkind: the bens: 


“ASTRONOMY is acknowledged: ‘to be, and ae 


undoubtedly is, the moft fublime, the moft in- omy. 
terefting, and the moft. ufefal: For; by: know- 
_Jedge derived from this fcience, not only the bulk. 
of the-earth j is difcovered, the fituation and: extent. 
of the countries:‘and kingdoms upon it afcertained, | 
trade and commerce carried on to the remoteft part 
of the world, and the various. produéts. of the 
feyeral countries diftributed for the health, comfort, 
and conveniency of its inhabitants; but:our very. 
facultiesare enlarged with the grandeur of the ideas. 
it conveys, our minds exalted above the low con- 
traéted prejudicés of the vulgar, and our under. 
ftandings clearly convinced, and atfeCted ‘with 
the. BOKYEOA of the ‘exifiehice, wifdom, power, 
-goodnefs, immutability, and fuperintendency. of 
the SUPREME BEING! So that, without an 
hyper bole, | 


« An undevont “Apitonomer as mad: . 


2. Frown this branch of knowledge we alfo learn — 
by what means or laws the Almighty carries on, — 
and continues; the wonderful harmony, order, and 
_connexign obfervable throughout the planetary 
fyftem ; and are led by very. powerful arguments to 


form v this pleafin g deduction, that minds Peatie of 


ar * Dr. Yooxs's Nigh Thoughts. a one 


e Of Aftronomy in general. 
fuch deep refearches, not only derive theit origiti 
from that adorable Being, but are alfo incited to 
afpire after a more perfect knowledge of hisnature, 
: and a ftricter conformity to his will. 
TheEath 3. By Afironomy we difcover that the Earth is 
bura point at fo great a diftance from the Sun, that iffeen from 
theSun. thence it would appear no bigger than a point ; 
although its circumference is known to be nearly 
25,000 miles. Yet that diftance is fo fmall, when 
compared with the Earth’s diftance from the Fixed 
Stars, that if the orbit in which the Earth moves 
round the Sun were folid, and {een from the neareft 
Star, it would likewife appear no bigger than a 
point, although it is about 162 millions of miles 
In diameter. For the Earth in going round the 
Sun is 162 millions of miles nearer to fome of the 
Stars at one time of the year, than at another; 
and yet their apparent magnitudes, fituations, and 
diftances from one another {till remain the fame ; 
and a telefcope which magnifies abeve 200 times, 
does not fenfibly magnify them: which proves 
. them to be at leaft 400 thoufand times farther 
from us than we are from the Sun. a> 


e 


4. It is not to be imagined that all the Stars.are — 
placed in one concave furface, fo. as to be equally’ 
diftant from us; but that they are placed at 
immenfe diftances from one another through un- 

‘limited fpace. So that there may be as great a 
diftance between any two, neighbouring Stars, as 
between the Sun and thofe which are neareft to him. 


Therefore an Obferver, who is neareft any fixed “— 


TheStars Star, will look upon it.alone as a real Sun; and. 
are Suns, confider the reft as fo many fhining points, piaced 
at equal diftances from him in the Firmament. | 
5. By the help of telefeopes we difcover thoufands 
~- of Stars which are invifible to the bare eye; and 
_.. the better our glaffes are, ftill the more become 
ere ‘vifible: fo that’ we can fet no limits either to their 
2 number or their difiances, ‘The celebrated Huy- 
ceENs carried his thoughts fo far, as to believe it 
13 : | way not 


= 


‘Of Aftronomy in general. i 3 
hot impoffible that there may be Stars at fuch 
inconceivable diftances, that their light has not yet 
reached the Earth fince its creation; although - 
the velocity of light be a million of times greater 
than the velocity of a cannon-ball, as fhall be 
_ demonftrated afterward; § 197. 216: and, as 
Mr. Appison very jufily obferves, this thought is 
far from being extravagant, when we confider that 
the Univerfe is the work of infinite power, prompted 
by infinite goodnefs; having an infinite fpace to 
exert itfelfin; fo that our imaginations can fet no 
bounds to it. cries aie ie 

6. The Sun appears very bright and large in why the 
comparifon of the Fixed Stars, becaufe we keep Fa vicies 
vonftantly near the Sun, in comparifon of our im- than the 
menfe diftance from the Stars. For, a fpectator S*** 
placed as near to any Star as we are to the Sun, 
would fee that Star a body as large and bright as 
the Sun appears to us (both objects being fuppoefed 
‘to beof the famemagnitude, and equally luminous); 
and a fpeciator, as far diftant from the Sun as we 
are from the Stars, would fee the Sun as-fmall as 
‘we ice a Star, divefted of all its circumvolving 
planets; and would reckon it one of the Stars in 
numbering them. — i | 
_ 7. The Stars being at fuch immenfe diftances The Stars 
from. the Sun, cannot poflibly receive from him fo #* net es 
firong a light as they feem to have ; nor any bright- by the Sun. 
nefs fufficiént to make them vifible to us. For - 
the Sun’s rays muft be fo feattered and diflipated 
before they reach fach remote objeéts, that they 
ean never be tranfmitted back to our eyes, fo as 
_ to render thefe objects vifible by reflection. The 
Stars therefore thine with their own native and un- 


. borrowed Iufire, as the Sun does ; and fince each 


particular Star, as well as the Sun, is confined toa 
particular portion of {pace, it is, therefore, evident 
_ that the Stars are of the fame nature with the Sun. 
8. It is no ways probable that the Almighty, 
who always atts with infinite wifdom, and dees no- 
| B2 thing 


‘~ 


They are 
probably 
furrounded 
by Planets. 


Of A {Pronomiy Un general. 


thing in vain, thould create fo many glorious Sung, 
fit for fo ma ny important purpofes, and place them 


at {uch remote diftances from one another, without 
proper objects near enough to be betvefited by their 
influences. . Whoever imagines they were created 
only to give a faint olimmering light to the inha- . 
bitants of this Globe, muft have a very fuperficial 


‘knowledge of Aftronomy, and a mean opinion of 
the Divine Wifdom : fince, by an infinitely lefs 
exertion of creating power, the Deity could have 


given our Earth much mere light by one fingle 
additional Moen, 


9. Tnftead then of one Sun and one World only - 


in the Univerfe, as the unfkilful in Afironomy 


imagine, that Science difcovers to us fuech an in- 


conceivable number of Suns, Syftems, and Worlds, 
difperfed through boundlefs fpace, that ifour Sun, 
with all the Planets, Moons, and Comets, belong- 


ing'to it, were annililated, they:would be no more 


mified, by an eye that could take in the whole. 
Creation, than a grain of fand from the fea-thore. 

The {pace they poflefs being comparatively fo 
{mall, that it would fcarce be afenfible blank in the 


Univerle, although Saturn, the outermoft of our 


planets (except Georgian*) revolves about the Sun 
in an Orbit of 4884 millions of miles in circum- 
ference, and fome of our Comets make excurfions 
upwards of ten thoufand millions of miles beyond 


_ Saturn’s Orbit; and yet, at that amazing diftance, 


The ftellar 
Planets 
May be 
jabitable, 


they are incomparably nearer to the Sun than to 


‘any of the Stars; as is evident from their keeping 
‘clear of the attractive power of all the Stars, and 


returning Samsnsr by virtue ue the Sun's 
attraction. 


10. From what we know of our own $5 her it 


may be reafonably concluded that all the reft are 


with equal wifdom contrived, fituated, and pro- 


* The Planet Georgian, difcovered fince Mr. Fergufon’ 3 
time, revolves round the Sunin an Orbit of about 5552 millions 
of miles in circumference. 


vided 


Of Aftronomy in general, g 


vided with accommodations for rational inhabit~ 

ants. Let us therefore take a furvey of the Syftem 

to which we belong; the only one acceffible to 

us; and from’thence we {hall be the better enabled 

to judge of the nature and end of the other 

Syitems of the Univerfe, For although there is 

almoft an infinite ‘variety in the parts of the — 

Creation; which we, have opportunities of exa- 

mining, yet there is a general analogy running 

through and. connecti:g all the parts:into one 

{cheme, one defign, one whole! lot Hao} 

> ri. And then, toan attentive confiderer, it will 

appear highly probable, that the Planets of our 

syftem, together with their attendants called Satel-. 

lites or Moons, are much of the fame nature with’ as our Solar 

our Karth, and. deftiied forthe like» purpofes: 7° + 

For they are folid opaque Globes, capable of {up- 

porting animals and vegetables. Some of them 

are greater, fome lefs, and fome much about the 

fize ofiour Earth. They, all circulate: round ‘the 

San, as the Earth does, in a fhorter or longer 

time, according to. their re{fpective diftanees from. 

him’; and have, where it would not be‘inconve.! 

_nient, regular returns of fummer and winter, fpring 

and autumn... They have warmer ‘aud colder : 

climates, as the various: productions of our Earth: 

require: and, in fuch as. afford a poflibilitys of 

difcovering it, we obferve a regular motion round — 

their axes like that of ourEarth, cauiing an alter- 

nate return of Day and Night’; whicly is neceifary 

for labour, reft, and vegetation, and thatall pattsof- 

theirfurfaces maybe expofed to the rays of the Suny. 

12, Such of the Planets as.are farthett from the pie 

Sun, and, therefore enjoy leaft of his light, haye fathet 

that deficiency made up by feveral Moons, which 6°74” 

confiantly accompan yy and revolve: about them, as a al 

our Moon revolves about the Earth. ‘Phe remotett aoe ae 

Planet hitherto difeovered, Georgian excepted; has; 

over and above, ai broad ring encompatiing it; 

which like alucid Zone in the Heavens reflects the 
ee Sun’s 


~ 


: Earth . 


Our Moon 
Mmountain- 
ous like the 


N umberlefs 
Suns and © 


Worlds. 
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Sun’s light very copioufly on that Planet: fo that 
if the remoter Planets nave the Sun’s light fainter: 
by day than we, they have an addition made to it’ 
morning and evening by one or more of their 
Moons, and a greater quantity of light in the 
night-time: ; 

13. On the furface of the Moon, He waita it is 


¢ nearer to us than any other of the celeftial Bodies 


are, we difcover a nearer refemblance of our Earth, 
For, by the affiftance of telefeopes, we obferve the: 
Moon to be full of high mountains, large valleys, 
and deep cavities. Thefe fimiliarities leave us no 
room to doubt, but that all the Planets and 
Moons, in the Syfiem, are defigned as commodious 
habitations for creatures endowed with capacities 
of knowing and adoring their beneficent Creator. ° 
utd. Since the Fixed Stars are prodigious fpheres, 
fimilar to our Sun, and at inconceivable. diftanees 
from one another, as well as from us, it is-reas 
fonable to conclude’ they are made for the fame 
purpofes that the Sun is; each to beftow:lght, 
heat, and vegetation on a certain: number of. im- 
habited Planets, kept by gravitation Vein the 
{phere of its activity. 

15. What an auguft, what an amazing concep: 
tion, if human imagination can conceive it, does 
this give of the works of the Creator! Thoufands 
of thoufands of Suns, multiplied without end, and 


ranged all around us, at immenfe diftances from 


each other, attended by ten thoufand times ten 


‘ thoafand: worlds, all in rapid motion, yet calm, 


regular, and harmonious, inyariably keeping the 


paths prefccibed to them; and thefe worlds peopled 


with myriads ofintelligent beings, formed for end 
lefs progreflion in perfeétion and felicity ! 0. 
16. Ifto much power, wifdom, goodnefs, and 


- Magnificence is difplayed in the mater ial Creation. 


whch’ 's the leaft confiderable part of the Univerfe,. 


how great, how wife, how good mutt BE be, the te 
ide and governs: a” Whole! piouile onal sada) 


-~ 
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| CTrAr an | 
Ai brief Defcription of the Souar SysTEM. 
- 17.) }\xe Sun, with the Planets and Comets PLATEL 
| L which move round him astheircenter, con- “” 
ftitute the Solar Syfiem. » Thofe Planets which are The Solar 
near the Sun not only finifh their circuits fooner, 7" 
but likewife rove fafter in their refpective Orbits, - 
than thofe which.are more remote from him. Their 
motions are all performed from weft to eaft, in 
Orbits nearly circular, Their names, diftances, 
bulks, and periodical revolutions, are as follow: 
18. The Sun ©; an immenfe globe,’ 1s placed tie sua, 
near the: common center, or rather in-the lower* | 


The diameter of theSun is computed to be 763,000 rig. 1, 


pins are fixed are called the foci or Focufes of the ellipfis. The 
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+ According to M. Caffini the time 6f the rotation of the Sun 
js performed in 25 days 14-hours and § min, M. du Sejour 
a3) oe BR ase on Bie makes’ 
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PLATE Y, 


Of the Solar Sufem. 
motion round the center of gravity of the Syftem. 
All the Planets, as feen from him, move the fame 
way, and according to the order of the Signs in the. 


_ graduated Circle v x mo, &c. whicli reprefents 
‘the great Ecliptic in the Heavens: but, as feen 


from any one Planet, the reft appear fometimes to 
go backward, fometimes forward, and fometimes 


to ftand fill; not in circles nor ellipfes, but * in 


The Axes 
of the Pla- 
fets, what. 


looped curves, which never return into themfelves. 
The Comets come from all parts of the Heavens, 
and move in all forts of directions. wa 

19, Having mentioned the Sun’s turning round 


his axis, and as there will be frequent occafion to 


{peak of the like motion of the Earth and other 
Planets, it is proper here to inform the young Tyro 
in Aftronomy, that neither the Sun nor Planets 
have material axes to turn upon, and fupport them, 
asin the little imperfect machines. contrived to 


reprefent them. . For the axis ofa Planet is a line | 


conceived to be drawn through its center, about 
which it revolves as if on.a real-axis. The extre- 
mities. of this line, terminating in oppofite pomts 


. of the Planet’s furface, are called its Poles. That 


Their Ore | 


bits are not 
‘in the fame 
plane with 
theEcliptic. 


which points toward the northern part of. the 
Heavens, is called the North Pole ; and the other, 
pointing toward the joudhern part, is called the 


South Pole. A bow! whirled from one’s hand into » 


ihe open air, turns round fuch a. line within itfelf, 
while it moves forward; and fuch are the lines 
we mean, when we fpeak of the Axes of the 


~ 


Heavenly bodies. es ey. 
20. Let us fuppofe the Earth’s Orbit to be a 
thin, even, folid plane; cutting. the Sun through 
the center, and extended out as far as theStarry 
Heavens, where it will mark the great Circle called ' 
makes it to be 25 days 13 hours 44 min.; M, de Lalandé 25, 
days 10 hours; and Dr. Mackay, from. obfervations in May 
1787, fiates the time of the rotation of the Sun to be 25 days 
7 hours 52 min, in his Treatife on the Longitude, Vol. 1, page 13 
lirit edition, p.27 fecond edition, and p, 33 third edition, —Ed. 
* As reprefented in Plate ILL Fig. 1.and deferibed § 138. 
jay, , i the 
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the Ecliptic. This circle we fuppofe to be divided PLATE 
into 12 equal parts, called Signs; each Sign into 
20 equal parts, called Degrees ; each Degree into 
So-equal parts called Minutes ; and every Minute 
_ into 60 equal parts, called Seconds : fo that aSecond 
is the Goth part of a minute; a-Minute the both — 
part of a Degree ; and a‘Degree the 36oth part of 
a Circle, or goth part of a Sign. The planes of 
‘the Orbits of all the other Planets lkewife pals 
through the center of the Sun; but extended to 
the Heavens, form Circles different from one 
another, and from the Ecliptic; one half of each 
being on the nortlr fide, and the other on the fouth 
fide of it, Confequently the Orbit-of each Planet t..ir 
interfeéts the Ecliptic in two ‘oppolite. panes oo. 
_ whiclvare called the Planet’s Nodes. Thefe Nodes 
are all in different parts of the Ecliptic; and thete- 
fore, ifthe planetary. Tracks remained vifible in 
the Heavens, they would in ‘fome meafure refem- 
ble the different ruts of waggon-wheels crofling 
one another in different parts, hut never going far 
afunder. That Node; or interfeétion, of the Orbit — 
of any Planet with the ’Earth’s Orbit, from. which 
‘the Planet afcends northward above the Ecliptic, 
is called'the A/cending Node of the Planet: and 
the other, which is directly oppofite thereto, ‘is 
called its Defcending Node. Saturn’s Afcending vo! alone 
Node * is in 22 deg. 2 min. of Cancer ss , Jupiter’s ‘ 
jn 8 deg. 30 min.-of the fame Sign, Mars’s in 
18 deg. 7 min. of Taurus.y, Venus’s in 14 deg. 
57 min. of Geminim, and Mercary’s in 16 deg. 
4 min. of Taurus, at the beginning of the year 
41810. Here we'confider the Earth’s Orbit as the 
ftandard, and the Orbits ofall the other Planets as 
. oblique to it. De Oy TARE 
21. When we fpeak of the Planets Orbits, all The Pla. 
that is meant is their paths through the open and | tai 
unrefilling Space in which they move ; and are 


‘ * In the year 1790. “ p Hewes 


10. 
PLATED 


“Mercury. 
| Fig. . 
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kept in by the attractive power of the San; and 
the projectile force imprefied upon them at firft: 
between which power and force there is fo exaét 
an adjufiment, that they continue in the fame 
traeks without any folid Orbits to confine them. 
a2. Mercury, the neareft Planet to the Sun, 
goes round him, in the circle marked 3, in 87 
days 23 hours of our time nearly; which is the 
length of his year. But being feldom feen, and 
no fpots appearing on his furface or difc, the time 
of his rotation on his axis, or the length of his 
days and nights, is as yet unknown,* His diftance 
from the Sun is computed to be 32 millions of 
miles, and his diameter: 2,600. - In his courfe 


round the Sun, he moves.at the rate of 95 thou- 


May be in- 
habitgd. 


Was hike 
pkafes with 
the Moon. 


fand miles every hour, His light and heat from 
the Sun are almoft feven times as great as ours ; 
and the Sun appears to him almoft feven tiines as 
large as tous. The great heat on this Planet is 
no argument againft its being inhabited; fince — 
the Almighty could as eafily fait the bodies and — 
conftitutions of its inhabitants to the heat of their 
dwelling, ashe has done ours to the temperature 
of our Earth. And it is very probable that the 
people there have fuch an opinion of us, as we 
have of the inhabitants of Jupiter and Saturn ; 
namely, that we muft bé intolerably cold, and 
have very little hight at fo great a diftance from 
the Sun. ths ary hs | . Pay 
23. This Planet appears to us with all the yari- 
ous phafes of the Moon, when viewed at different 
times by a.good telefcope: fave ouly that he never 
appears quité Full, becaufe his enlightened fide is 
never turned direcily towards us, but when he is 


_ fo near the Sun as to be loft to our fight in its 


makes it 24 hours 5 mingy-Bd. 


beams. And, as his enlightened fide ig always 


* M. Vidal, the great obferver of Mefcury, fates the time 
of rotation of this Planet to be 36 hours; and M, Schroeter 


towards 


* ‘ 
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towards the Sun, it is plain that he thines not by PLATET, 
any light of his own; for if he did, he would:con- 
ftantly appear round. That he moves about the 
Sun in an Orbit within the Earth’s Orbit, is alfo 
plain (as_will: be more largely thewn hy and bys 
§ 141, & feg.) becaufe he is never feen oppofite 
to the Sun, nor above 56 times the Sun’s breadth 
from his center. , 

24: His Orbit is inclined faten degrees to the His Orbie 
Ecliptic; and that Node, § 20, from which he 7" Nodeg. 
afcends northward above the Eeliptic, i is in the 
z6th degree of ‘Laurgs; and’ the oppofite node is 
im the 16th degree of Scorpio, The Earth is im 
thefe paints ov the 7th of November and 5th of 
May, and when “Mercury comes to either of ‘his 
Nodes at his * inferior Conjunétion about thete 
times, he will appear to pafs over the dife or face 
of the Sun, like a dark round fpot, But in all 
other parts of his Orbit. his Conjunétions aré ine 
vifible, becaufe he either goes above or fir saicy the — 
San. 

45. Mr. Wursron bas given us an account of When he 
feveral-periods at whicly Mercury may be feen on wife 
the Sun’s dife, viz. In the year 1782, Nov. 12th, the Sua. 
at gh: 44m, in ‘the afternoon , 1786, May 4th, 
at 6h. 57m. tn the forenpon ; 1789, Nov. 5th, st 
3h. 55m. in the afternoon; and 1799, May 7th, 
at ah. g4m. in the afternoon, There will be 
fevéral intermediate Trantits, but none of then 
vifible at London, Avi 


1962 Venus, the next Planet 7 in x order, is com. Venus. 
puted to be 59 millions of miles from the Sun; 
and by moving at the rate of 69 thoufand miles 
every hour in her Orbit, in the circle marked, ¢ fhe Fis» 
goes round the Sun in 224 days 17 hours of our 


time, REAP ai in Went od though it be the full 


* When he is between the Earth and the Ip iage im ‘the nearer 
ce of liis Orbit.) 


len ath 
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PLATE 1. length of her year, fhe has only g} days accord- 
. ing to Brancunt’s obfervations*; fo that, to her, 

every day and night together is as long as 24+days 

* and. nights with us. This odd quarter of a day in 

every year makes every fourth year a leap-year. to 

“Venus; as the like does to our Earth. | Her dia- 

meter is 7,906 miles; and by her diurnal motion 

the inhabitants about: her Equator are carried 43 

niiles every hour, befide the 69,000 above men- 

tioned. > 

Her Orbit 20: Her Orbit inehades that of Mercury, feibhitn : 
ue sc aaa for at her greateft Elon gation, or apparent 
4 and Mer- diftanch from thie Sun, fhe is 96 times the breadth 
: ™¥- of that luminary from his center; which is almoft 

double of Mercury’s. gteateft Elongation. Her 

Orbit is included by. the Earth’s; for if it were not; 
fhe might be feen as often in Oppofition to the Sun, 

-as fhe is im Conjunétion . with him. but. fhe was 

never feen go degrees, ora fourth pane of a Circle, 

from the Sun. . 

Sheisour 28. When Veith ¢ appears welt of the a, fhe 
| ahieveribe MACS before him in the morning, and is, called the 

farby Morning Star f when fhe appears eaft of the nigel 


turns. 


aT he alee Caffini had conaluted from sDlaumalah, bien : 
by himfelf in 1667, that Venus revolved on her axis in a little 
more than 23 h. becaufe in 24h. he found. that a fpot on her 
furface was about 15° more advanced than it was.the day. | 
before; and it appeared to him that the {pot was very fenfibly 
advanced i ina quarter of an hour. In 1728, Bianchini’ pub- 
lifhed .a {plendid work, in folio, at Rome, eititled He/peri ct 
Phofphori nova phenomena ; ; in which are the obfervations here 
. referred to. Bianchini agrees perfeétly:with Caflini that the 
for / fpots, which are feen on the furface of Venus, advance about 
15° in 24h. but he afferts that he could not perceive they. 
‘had mvade*any advance in 3h. and therefore conclades, that 
inftead of making one complete revolution. and 15° of anather, 
as Cafini conjectured, in 24h. thole Spots advance but tae add 
35° in that. time, and that the time of a revolution is fomewhat 
more ‘than 24 days. The arguments in. favour of the two. 
hypothefes are very equal; but almoft every aftronomer, except. 
Mr. Fergufon, has adopted Caflini’s.. From .recent obferva- 
tions the time of the rotation of Mercury bas been afcertained 

to be 23 hours 21 minutes 19 feconds.— Ed. a 
the 


» 
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fhe fhines in the evening after he fets, and is then 
called the Evening Star : being each in its turn 
for 290 days. It may- perhaps be furprifing at 
firft, that Venus fhould keep longer on the eaft or 


welt of the Sun, than the whole time of ‘her Pe- 


riod round him. But the difficulty vanifhes when 
we confider that the Earth is all the while going 
_round the Sun the fame way, though not fo quick 


“a3 


as Venus: and therefore her relative motion to . 


the Earth muft in every period be as much. flower 
than her abfolute motion in‘her Orbit, as the 


_ Earth during that time advances forward in the’ 


“Ecliptic, which is 220 degrees. To ‘us fhe ap- 


pears through a telefeope' in all the various {hapes | 


ofthe Moon. — 
29. The Axis of Venus i is inclined 7 5 eta wi 
to the Axis of her Orbit; which'is 514 desrees 


‘more than our Earth’s weiss is inclined tothe ‘Axis 


of the Ecliptic: and therefore her feafons vary 
much more than oursdo. The’ North Pole of her 
Axis inclines toward the 2oth-degree of Aqua- 


rius, our Earth’s to the beginning of Cancer; . 


. confequently the northern. parts of Venus have 


fummer in the figns where nano of ourearth have | 


winter, and vice verfi. : 

30. The* artificial day at each Pole: of Venus 
is as long as 1124 f natural days on our Earth. 
3 1The Sun’s greateft declination on each fide 
of her Equator amounts: to 75 degrees; therefore 
_hert Tropics are yh 5: degrees ‘from her Poles ; 


* The time sai the Sun’s rifing and fetting. 
“4 One entire revolution, or 24 hours. 


‘ t Thefe are fmall circles parallel to the Equator, and as 


Remark- 


. able appear- | 


ances. 


HerTropics 
aud Polar 
Circles how : 
fitaated- 


many degrees from it, towards the Poles, as the Axis of the - 


Planet is inclined to the Axis of its Orbit.. When the Sun is 
advanced fo far north or fouth of the Equator, as‘to be directly 


over either Tropic, he goes no far ther ; but returns towards the 


ether. 
and 
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3 and her* Polar Circles are as far. from her Equator. 


Confequently the Tropics of Venus are between 
her Polar Circlés and her Poles; contrary to what 
thofeof our Earthare. Pte ag 
32. As her annual Revolution contains only g4 ~ 
of her days, the Sun will always appear to go 


through a whole Sign,. or twelfth part of her 


Orbit, it a little more than three quarters of her 
natural day, or nearly in 183 0f our days and 
nigats. ry ti Pigs i Oe ibe 
33. Becaufe her day is fo great a part of her 
year, the Sun changes his Declination in one day 


fo much, that if he paffes vertically, o. direéily 
_ over head of any given place on the Tropic, the 
iext day he will be 26 dégrees from it: and what- 
ever place he pafles vertically.over when fn the — 
Equator, one day’s revolution. will remove. him 


| 364 degrees from it.. So that the Suv changes 


his Declination every day in Venus about 14 


degrees more, at a mean rate, than he does in a 
_ quarter of a year on.our Earth. This appears-to be 


providentially ordered, for preveuting the too ereat 
effe_s of the Sun’s heat (which is twice .as great 


on Venus as on the Earth), fo that he cannot fhine- 


To deter. 
Mine the 


gintsof the: 


perpendicularly on the fame places for two days 
together ; and on that account, the heated places — 
have. time to cool. Oe WHE ee 

34. Ifthe inhabitants about the North Pole of 
Venus fix their South, or Meridian Line, through 


9 
Crome that part of the Heavens where the Sun comes to 


her Poles. 


able appearances, 


his greateft Height, or North Declination, and call: 
thofe the eaft and weft points of their Horizon, 
which are go degrees on each fide from that point 
where the Horizon is cut by the Meridian Line, 
thefe inhabitants will have the following remark- 


x : * Thefe. are lefs. circles round the Poles, and as far. from 
, them as the Tropics are from the Equator. The Poles are the 


very north and fouth points of the Planet. 


| The 
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The Sun will rife 223 dégrees* north of. the 
ctaft, and going on 1 rod degrees, as meaiured on 
- the plane of the Horizont, he will. crofs the Me- 
_ridian at an altitude of 124 degrees; then making 
-an entire revolution without fetting, he will crofs 
it again at an altitude of 484 degrees; at the 
next revolution he will crofs the Meridian as he — 

_ comes to his greateft height and declination, at the 
altitude of 75 degrees; being then only 15 degrees surprifng 
from the Zenith, or that point of the Heavens ad 
which is direétly over head: and thence he will Poles. » 
defcend in the like fpiral manner; crofling the - 
_ Meridian firft at. the altitude of 482 degrees ; next 

at the altitude of 12+ degrees; and going on thence 

112! degrees, he will fet 212, By degrees north of the 
welt ; fo that, after having been 45. revolutions 
Bore the E for izon, he defcends below it to exhie 
bit the like appearances at the South Pole. 

35. Ateach Pole, the Sun continues half a year 
without fettimg m fummer, and as long without 
rifing im winter ; confequently the polar imbhabit- 
ants of Venus have only one day and one night in 
the year; as it is at the Poles of our Earth. . But 


_  thedifference between the heat of fummer and cold 


of winter, or of mid-day and mid-night, on Ve- 
nus, is much greater than on the Earth: becaufe 
on Venus, as the Sun is for half a year together 
above the Horizon of each Pole in its turn, fo ie 
isfor a confiderable part of that time near the Le- 
nith; and during the other half of fhe year always 
Below the Horizon, and fora great part of that: 
time at.leait 70.degrees from it. Whereas, at the 
‘Poles of our Earth, although the Sun ts for half a 
_ year together above the Horizon ; ; yet he never af- 
cends.above, nor defcends below it, morethan 294 
in pea “When the fg is in-the: Equinottial, or 


te A Dagree’s a: 360th, patt eaiay Circle. See § 21. 


a The limit of any obferver’s view, where the Sky -feeme 
| te. ackagee the Planetiall. round. him, 
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lar Circles. 


At her 
Tropies. 


: Of the Solar Sytem. 
in that Circle which divides the northern half of 
the Heavens from the fouthern, he is feen with 


one ‘half of his Dife above the Horizon of the 


North Pole, and the other half above the Horizon 


of the South Pole; fo that his center is in. the Ho- 


rizon of both Poles: and then defcending below 
the Horizon of one, he afcends gradually above 


‘that of the other. Hence, ina year, each Pole has 


one fpring, one autumn, a fummer as long as them 


both, and a winter equal in length. to the other 


three feafons.; 9» ~ HOD, ) raat 
36. At the Polar Circles of Venus, the feafons 


‘are much the fame-as at the Equator, bécaufe . 
‘there are only 15 degrees between them, § 31; _ 


only the winters are not quite fo long, nor the 


-furamers fo fhort: but the four feafons come twice - 
round every year. ; 


37. At Venus’s Tropics, the Sun continues for 
about fifteen of our-weeks together without fetting 


in fammer; and as long without rifing in winter. 


While he is more than 15 degrees from the Equa- 


tor, he neither rifes to the mhabitants of the one 
Tropic, nor fets to thofe of the other: whereas, — 


at our Terrefirial Tropics, he rifes and fets every 


day of the year. he : | 
. 38. At Venus’s Tropics, the Seafons are much 
the fame as at her Poles; only the fummers are a 


little jonger, and the winters a little thorter. 


' At her 


Kquator, 


39. At her Equator, the days and nights are 
always of the fame length; and yet the diurnal. 


and no@turnal arches are very different, efpecially 


‘when the Sun’s declination is about the greateft.: 
for then, his meridian altitude may fometimes be 
‘twice as great as. his midnight depreflion, and at 


other times the reverfe. When the Sun is.at his 
greateft declination, either north or fouth, his 
rays are as oblique at Venus’s Equator, as they 


are at London on the fhorteft day of ‘winter. 


. 'Fherefore, at her Equator there are two winters, 


two Summers, two {prings, and two autumns every 
a ee eg year, 
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year. But becaufe the Sun ftays for fome time 
near.the Tropics, and paffes fo quickly over the 
Equator, every winter there will be almofi twice as 
Jong a fummer; the four feafons returning twice 
in that time, which confifls only-of 9% days. 

40. ‘Lhofe parts of Venus which he between the 
Poles and Tropics, and between the Tropics and 
Polar Circles, and alfo between the Polar Circles 
and Equator, partake more or lefs of the Pheno- 
mena of thofe Circles, as they are more or lefs 
diftant from them. 

41. From the quick change of the San’s decli- reat dit 
nation it happens, that if he rifes due eaft on any the sun’s 
day, he will not fet due weft on that day, as with Vic 
us; for if the place where he rifes due eaft be on fetsing. 
the Equator, he will fet-on that day almoft weft- | 
north-wefi; or about 18% degrees north of the 
welt, But if the place be in 45 degrees north lati- 
tude, then on the day that the Sun rifes due eal 
he will fet north-weft by welt, or 33 degrees north 
‘of the weft. And in 62 degrees north latitude, 
when he rifes in the eaft, he fets not in that revo- 
lution, but juft touches the Horizon 10 degrees to 
the weft of the north point: and afcends again, 
continuing for 3% revolutions above the Horizon 
without fetting. Therefore no place has the fore- 
noon and afternoon of the fame day equally long, 
unlefs it be on the Equator, or at the Poles, 

42. The Sun’s altitude at noon, or any other [he lonsi- 
time of the day, and his amplitude at rifing and pliceseafily ° 
fetting, being very different at places on the fame Yo" 
parallel of latitude, according to the different lon- 
gitudes of thofe places, the longitude will be almoft 
as eafily found on Venus, as the latitude is found 
on the Earth: which is an advantage wé can never 
have, becaufe the daily change of the Sun’s decli- 
nation is by much too fmall for that important 
purpofe. 

43. On this Bienct, where the Sun croffes the B@ Fav. 
Equator i in any year, he will have g degrees of qnarterofa 


dk ayforw ard 


declination every years 
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declination from that place on the fame day and | 


- hour next year; and will crofs the Equator go de- 


grees farther to tie weft; which makes the time _ 
of the Equinox a quarter of a day (or about fix of 

our days) later every year. Hence, although the 
{piral i in which the Sun’s motion is performed be 
of the fame fort every year, yet it will not be the 
very fame, becaufe the Sun will not pais vertically 


over the fame puicee till four annual revolutions 


Every 
fourth year 
a leap year 
to Venus. 


are finifhed. 

44. We may (opele that the inhabitants of 
Venus will be careful to add a day to fome par- 
ticular part of every fourth year; which will keep 
the fame feafons to the fame days. For, as the 
great annual change of the Equinoxes and Solftices 
fhifts the feafons a quarter of a day every year, 
they would be fhifted through all the days of the 


year in 36 years. But by means of this inter 


When fhe 
will appear 
on the Sun. 


calary day, every fourth year will bea leap-year ; 
which will bring her time to an even reckoning, . 
and keep her Calendar always right*. 

45. Wenus’s Orbit is inclined 3 degrees 2.4 mi- 
nutes to the Earth’s; and croffes it in the 15th de- 
gree of Gemini and ‘of Sagittarius; and, therefore, 
when the Earth is about thefe points of the Eclip- 
tic at the time that Venus is in her inferior conjunc- 
tion, fhe will appear like a fpot on the Sun, and 
afford a more certain method of finding the diftances 


_ of all the Planets fromthe Sun, than any other yet 


known.. But thefe appearances happen very fel- 
dom; and will be only twice vifible at London for 
one hundred and ten years to come. ‘The firft 
time will be in 1761, Zune the Oth, in the morn- 
ing; and the fecond in 1769, on the 3d of Fune 
in the evening. Excepting fuch Tranfits as thefey — 
fhe {hews the fame appearances to us regularly 


every eight years ; her Conjunctions, Elongations, 


* The preceding difcourfe, relative to the feafons, &c. of 
Venus, is upon the affumption ‘that the time of rotation of that 
Planet is portorments in 243 terrettrial fe —Ed, 


and © 


t 
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‘and Times of rifing and fetting, being very nearly 
the fame, on the fame days, as before. | 
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6. Venus. may have a Satellite or Moon, al- She may 
4 y 


‘though it be undifcovered by us; which will not 


ave a 


Moon, 


appear very furprifing, if we confider how incon- although 


veniently we are placed for feeing it. For its 


Wwe cannot 
fee it, 


enlightened fide can never. be fully'turned towards 


us, bat when Venus is beyond the Sun; and then, 


as Venus appears little bigger than an ordinary’ 


Star, her Moon may be too {mall to be perceived 
at fuch a diftance. When the is between us and 
the Sun, her full Moon has its dark fide towards 
us; and then we cannot fee it any more than we 
can our own Moon at thetime of Change. When 
Venus is at her greateft Elongation, we have but 
one half of the enlightened fide of her Full Moon 
_ towards us: and even then it may be too far diflant 
to befeen by us.. But if fhe has a Moon, jit may 
certainly be feen with her upon theSun, in the year 
1761; unlefs its Orbit be confiderably inclined to 
the Ecliptic: for if it fhould be in conjunétion or 
oppofition at that time, we can hardly imagine that 


it’ moves fo flow as to be hid by Venus all the fix - 


hours that fhe will appear on the Sun’s Difc*. 


47. The Karrn is the next Planet above Venus 
in the Syfem, It is 8% millions of miles from 
the Sun, and goes round him, in the circle 9, in 
305 days 5 hours 49 minutes, from any Equi- 
nox or Solftice to the fame again; but from any 
fixed Star to the fame again, as feen from the Sun, 
in 365 days 6 hours and g minutes; the former 
being the length of the Tropical year, and the 
latter the length of the Sidereal. : It travels at 
_.the rate of 58 thoufand miles every hour; which 


* The tranfits of Venus of 1761 and 1769 are over fince this 
Was written, and no Satellite was feen with that Planet on the 
Sun’s Difc. saan ¥ Shp 

That fide of any celeftial body which is dire@ted to an 
Obferver, is called its Difc.—Ed. 
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its being 
round, | 
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Its number 
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motion, though 120 times fwifter than that of a — 
cannon-ball, is little more than half as fwift as 
Mercury’s motion in his Orbit.. The Earth’s dia- 
meter is 7970 miles; and by turning round its 
Axis every 24 hours from Weft to Eaft, it caufes 
an apparent diurnal motion of all the heavenly 
Bodies from Eaft to Weft. By this rapid motion 
of the Earth on its Axis, the inhabitants about the 
Equator are carried 1042 miles every hour, while 
thofe on the parallel of London are carried only - 


about 580, befides the 58 thoufand miles, by the 


annual motion above-mentioned, which is com- 


- mon to all places whatever. 
' Inclination _ 


48..The Karth’s Axis makes an angle of 292 
degrees with the Axis .of its Orbit; and keeps 


always the fame oblique direétion, inclining to- 


wards the fame fixed Star* throughout its annual 
courfe; which caufes the returns of fpring, fam- 
mer, autumn, and winter ; as-will be explained at 
large in the tenth Chapter, : 

49. Lhe Earth is round like a globe; as ap- 
pears, 1. By its fhadow in Eclipfes of the Moon ; 
which fhadow is always bounded by a circtlar 
line,§314. 2. By our feeing the mafts of a fhip 
while the hull is hid by the convexity of the water. 
9.. By its having been failed round by many 
navigators. The hills take off no more from the 
roundnefs of the Earth in comparifon, than grains 


of duft do from the roundnels of a common 


Globe. | 

50. The feas and unknown parts of the Earth 
(by a meafurement of the beft Maps) contain 160 
million 522 thoufand and 26 fquare miles; the 


inhabited parts 38 million ggo thoufand 569: 


.* This is not. ftriétly true, as will appear when we come to 
treat of the Receflion of the Equinoétial Points in the Heayens, 
$246; which receflion is equal to the deviation of the Earth’s 
Axis from its parallelifm; but this is rather too fmall to be 


fenfible in ah age, except to thofe who make very nice 
ebfervations. . 


Europe 
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Europe 4 million 456 thoufand,and 65; Afa 10 
million 768 thoufand 823; Africa g million 654 
thouland 807; America14 million 110 thoufand © 
874. In all, 199 million 512 thoufand 595; 
which is the number of fquare miles en the whole 
furface of our Globe. ; 

51. Dr. Lone, in the firft volume of his Aftro- The pro- 
homy, p. 168, mentions an ingenious and eafy IN 
method of finding nearly what proportion the land fea. 
bears to the fea; which is, to take the papers of 
a large terreftrial globe, and after feparating the 
land from the fea, with a pair of {ciffors, to weigh 
them carefully in feales. This fuppofes the globe 
to be exactly delineated, and the papers all of 
equal thicknefs. The Doétor made the expe- 
riment oh the papers of Mr. Senex’s feventeen-. 
inch globe ; and found that the fea-papers weighed 
349 grains, and the land only 124: by which it 
appears that almoft three-fourth parts of the 
furface of our Earth between the Polar Circles 
are covered with water, and that little more than 
one-fourth is dry land. The Doétor omitted 
‘weighing all within the Polar Circles; becaufe 
there is no certain meafurement of the land within 
them, fo as to know what proportion it bears fo 
the fea. aes es 

52. The Moon is not a Planet, but only &@ The Moon. 
Satellite or Attendant of the Earth ; going round : 
the Earth from Change to Change in 29 days 12 
hours and 44 miautes; and round the Sun with it 
every year. ‘The Moon’s diameter is 2180 miles; 
and her mean diftance from the Earth’s center is 
240 thoufand miles. She goes round her Orbit 
in 27 days 7 hours’ 43 minutes, moving about 
2290 miles every hour; and turns round her Axis _ 
exactly in the time that fhe goes round the Earth, 
which is the reafon of her keeping always . the 
fame fide towards us, and that her day and night 
taken together is as long as our lunar month. 

'@ 3 53. The 
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Herphafes. 59. The Moon is an opaque Globe like the 
Earth, and fhines only by reflecting the light’ of 
the Sun: therefore, while that half of her which is. 
towards the Sun is enlightened, the other half 
muft be dark and invifible to any of the heavenly 
bodies. Hence, -fhe difappears when fhe comes _ 

between us and the Sun; becaufe her dark fide is 
then towards us. When fhe is gone a little way - 
forward, we fee a fmall portion of her enlightened _ 
fide: which ftill increafes to our view, as fhe 
advances forward, until fhe comes to be oppofite 
to the Sun; and then her whole enlightened fide 
is towards the Earth, and fhe appears with a round 
iHumined .Orb, which we call the Full Moon, 
her dark fide being then ‘turned away from the » 
Earth. From the Full or oppofition of the Moon, 
fhe feems to decreafe gradually as fhe goes through 
the other half of her courfe; fhewing us lefs and 
lefs of her enlightened fide every day, till her next. 
change or conjunction with the Sun, and then fhe 
difappears as before. 

Aprof 54. This continual change of the Moon’s phafes 

thet Ine evidently fhews, that the fhines not by any light of 

by ber own her own ; for if the did, being globular, we fhould 
hght. always fee her with a round full Orb like the Sun. : 

Fig. I Her Orbit is reprefented in the Scheme by the | 
little circle m, upon the Earth’s Orbit @: but it 
is drawn fifty times too large in proportion to the 
Earth’s; and. yet is almoft too fmall to be feen in 
the Diagram. _ Ht 


Ope 55: Phe Moon has fcarce any difference of fea~ 
enlighten. £0083 her Axis being almoft perpendicular to the - 
ed. Ecliptic. . What is very fingular, one half of her 
| has no darknefs at all; the Earth confantly afford- 
ing it a ftrong light in the Sun’s abfence; while 

the other half has a fortnight’s darknets and a fort- 
~night’s light by turns. | wile SACS 

Our Earth © 56, Our Earthis a Moon to the Moon, waxing: 
eee) ae waning regularly, but appearing thirteen times 
as big, and affording her thirteen times as much. 

i | light 
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light as fhe does to us. When fhe changes to us, - 


the Earth appears full to her; and when {he is in 
her firft quarter to us, the Eartlris in its third quar- 
ter to hers and wice ver/a. 3 

57. But from one half of the Moon, the Earth 
is never feen at all: from the middle of the other 
half, it is always feen over head; turning round 
almoft thirty times as quick as the Moon does. 

From the circle which limits our view of the Moon, 
only one half of the Earth’s fide next her is feen ; 
the other half being hid below the Horizon of all 
places on that circle, ‘To her, the Earth feems to 
be the biggefi body in the Univerfe; for it appears 
_ thirteen times as. big as fhe does to us. 

58. The Moon has no Atmofphere of any vifi- 
ble denfity furrounding her as we have: for if the 
had, we could never fee her edge {fo well defined 
as it appears; but there would be a fort of a mift 


or hazinefs around her, which would make the 


Stars look fainter, when they are feen through it. 
But obfervation proves, that the Stars which difap- 


A proof of — 
the Moon’s 


pear behind the Moon, retain their full luftre until having no 


_ they feem to touch her very edge, and then they 
vanifh in a moment: This has been often obferved 


Atmo- 


{phere. * 


by Aftronomers, but particularly by Cassini of 


the Star y in the breaft of Virgo, which appears 


fingle and round to the bare eye; but through a 


refraGing Telefcope of 16 feet appears to be two 
Stars fo near together, that the diftance between 
them feems to be but equal to onc of their appa- 
rent diameters. The Moon was obferved to pafs 


over them on the ai1ft April 1720, N.S. and as . 
her dark edge drew near to them, it caufed no 


change in their colour or fituation. At 25 min. 
14 fec. paft 12 at night, the moft wefterly of thefe 


Stars was hid by the dark edge of the Moon: and _ 


in 30 feconds afterward, the moft eafierly Star was 
hid: each of them difappearing behind the Moon 
in an inftant, without any preceding diminution 
of magnitude or brightueis; which by no means 

bas : C4: | could 


24 


Nor feas. 


She is full 
of caverns 
and deep 
“pits! ; 
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could have been the cafe if there were an Atmo- 
{phere round the Moon; for then, one of the Stars 
falling obliquely into it before the other, ought by 
refraction to have fuffered fome change in its 
colour, or in its diftance from the other Star 
which was not yet entered into the Atmofphere. 
But no fuch alteration could be perceived, though 
the obfervation was performed with the utmof 
attention to that particular ; and was very proper 
to have made fuch a difcovery. The faint light, 
which has been feen all round the Moon, in 
total Eclipfes of the Sun, has been obferved, 
during the time of darknefs, to have its center 
coincident with the center of the Sun; and was 
therefore much more likely to arife from the 
Atmofphere of the Sun, than from that: of the 
Moon; for if it had been owing to the latter, 
its. center would have gone along with that of the 


* Moon. | 


59. If there were feas in the Moon, fhe could 
have no clouds, rains, nor ftorms, as we have ; 
becaufe. fhe has no fuch Atmofphere to fupport 
the vapours which occafion them. And every one 
knows, that.when the Moon is above our Horizon 
in the night-time, fhe is vifible, unlefs the clouds 
of our Atmofphere hide her from our view; and 
all parts of her appear conftantly with the fame 
clear, ferene, and calm afpect. But thofe dark 
parts of the Moon, which were formerly thought 
to be feas, are now found to be only vatt deep 
cavities, and places which refle@ not the Sun’s 
light fo firongly as others, having many caverns 
and pits, whole fhadows fall within them, and 
are always dark on the fide next the Sun; which 
demoniirates their being hollow: and mof of 
thefe. pits have little knobs like hillocks ftanding 
within them, and cafting fhadows alfo; which 
caufe thefe places to appear darker than others 
which have fewer, or lefs remarkable cavers. 
Allthefe appearances {hew that there are no feas in 


the 


fe * / 


= 
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the Moon; for if there were any, their furfaces 
would appear {mooth and even like thofe on the 
Earth. | | a 

60. There being no ‘Ainsoiphete about the The Stars 
Moon, the heavens in the day-time have the ap- #727) 
pearance of night to a Lunarian who turns his Moon. 
back towards. the Sun; ard when he does, the 
Stars appear as bright to him as they do in the 
night tous. For, it is entirely owing to our At- 
| mofphere flat the Heavens are bright about us 
in the day.* 

6r. As the Farth turns situa its Axis, the 
feveral continents, feas, and iflands appear to the | 
Moon’s inhabitants like fo many {pots of differeut 
forms and brightnefs moving over its furface ; 
but «uch fainter at fome time than others, as our 
clouds coyer them or leave them. By Roe {pots The Earth 
the*Lunarians can determine the time of the bigs to 
Earth’s diurnal motion, juft as we do the motion a as 
of the Sun ; and perhaps they meafure their time 
by the motion of the Earth’s {pots; for they can- 
not have a truer dial. 

62. The Moon’s Axis is fo nearly perpendicular 
to the Ecliptic, that the Sun never removes fen- 
fibly from her quator: and the + obliquity of 
her Orbit, which is next to nothing as feen from 
the Sun, cannot caufe the Sun to decline fenfibly 
from her Equator. Yet her inhabitants are not How the 
deftitute of means for afcertaining the length of at 


may know 


their year, though their. method: ane ours mult St dape 
differ. Yor we.can know the length of our year, 


* That the moon hasan atmofphere 1s now generally a ac- 
knowledged. According to the obfervations of M. Schroeter of 
Lilienthal, upon the culps of the moon foon after her change ; 
this feems to be. extremely probable. He fiates the greateft 
height of the lunar atmofphere to be 5376 French feet.—Phil. 
Trans. for ¥792.— Ed. 


+ The Moon’s Orbit Babe ra the Ecliptic in two Spans 
_ points, called the Moon’s Nodes ; fo that one half of her Orbit 
as above the. Ecliptic, and the other haf ek it. The Angle 
of its neaney in 53 degrees. —£d. 


year 
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PLATE J. year by the return of our Equinoxes; but the 
Lunarians, having always equal day and night, | 
muft have recourie to another method; and we 
may fuppofe, they meafure their year by obferving 
when either of the, Poles of our Earth begins to 
be enlightened, and the other to difappear, which 
is always at our Equinoxes; they being conveni- 
niently fituated for obferving great’ tracks of land 
about our Earth’s Poles, which are entirely un- 
known to us. Hence we may conclude, that the 

"year is of the fame abfolute length both to the 
Earth and Moon, though very different as ¢o the 
number of days: we having 3654 natural days, 
and the Lunarians only'i2,;,every day and night ~ 
in the Moon being as long as 29% on the Earth. 

andthelon- - 63. ‘The Moon’s inhabitants on the fide next 
aN Re the Earth may as eafily find the longitude of their 
: places as we can find the latitude of ours. — For 
the Earth keeping conftantly, or very nearly fo, 
over one Meridian of the Moon, the eaft or weft 
diftances of places from that Meridian are as eafily 
found, as we can find our diftance from the Equator 

by the Altitude of our celeftial Poles. 


Mars. 64. The Planet Mars is next in order, being 
the firft above the Earth’s Orbit. His diftance 
from the Sun is computed to be 125 million of 
miles ; and by travelling at the rate of 47 thou- 
fand miles every hour, in the circle, he goes 
round the Sun‘in 686 of our days and 23 hours, 
which is the length of his year, and contains 6673 
of his days; every day and night together being 
_ 40 minutes longer than with us. His diameter is 
4,444 miles, and by his diurnal rotation the inha- 
bitants about his Equator are carried 556 miles 
every hour. His quantity of light and heat is 
equal but to one half of ours ; and the Sun appears 
but halfasbig to him astous, BB 
65. This planet being but'a fifth part fo big as 

the Earth, ifany Moon attends him, it muft be very 

. Meh) {mall, 


Figs. 
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fmall, and has not yet been difcovered by our beft 
telefcopes. He is ofa fiery red colour, and by his 1's Atmos 
phere and 

Appulfes to fome of the fixed Stars, feems to Be phates. 
encompaffed by avery grofs Atmofphere. He ap- 

pears fometimes gibbous, but never horned; which. 

both fhews that his Orbit includes the Earth's 

within it, and that he fhines not by his own light. ~ 

66. To Mars, our Earth and Moon appear 
like two Moons, a bigger and a lefs: changing 
_ places with one another, and appearing fometimes 
horned, fometimes half or three quarters illumi-. 
nated, but never full; nor at moft above one 
quarter of a degree from each other, although they 
are 240 thoufand miles afunder. 

67. Our Earth appears almoft as big to Mars How the 
as Venus does to us, and at Mars it is never feen eae 
above 48 degrees from the Sun; fometimes it Mars. 
appears to pals over the Dife of the Sun, and fo 
_do Mereury and Venus: but | Mercury can never 
be feen from Mars by fuch eyes as ours, unaflifted 
‘by proper infiruments; and Venus will be as fel- 
dom feen as we fee Mercury... Jupiter and Saturna 
are more vifille to Mars than to us. His Axis is 

perpendicular to the Ecliptic, and his Orbit is in- 
A ait to it in an angle of 1 degree 5 50 minutes. 

68. Jupirer, the creatett of all the Planets, is rapier 
ftill higher in the fyfiem, being about 426-mil- 
lion of miles. from the Sun: a1 nd going at the rate 
of 25 thoufand miles every hour in his Orbit, which . py 
‘is reprefented by the circley. He finifhes his rig.1. © 
annual period in eleven of our years 3914 days and 
12 hours. He is about 1000: times as big as the 
Earth, for his diameter is 81,000 miles ;' which j is 
more than ten times the diameter of the Earth. 

69. Jupiter turns round his Axis in g hours 56 ee huis 
minutes; fo that his year contains 10 thoufand ber of days 
470 days ; and the diurnal velocity of his equato-"™ 
real parts is greater than the fwiftnefs with which — 

, | he 


~ 


PANY 


Eis Belts 
aad fpots. 


~ 
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he moves in his annual orbit ; a fingular circum- 
fiance, as far as we know... By this prodigious 
quick Rotation, his equatoreal inhabitants are car- 
ried 25 thouland g20 miles every hour (which is 
920 miles an hour more than an inhabitant of our 
Earth’s equator moves in twenty-four hours) be- 


fide the 25 thoufand above-mentioned, which is 


common to all part 
motion. . 

70. Jupiter is furrounded by faint fubftances, 
called Belts, in’ which fo many changes appear, 
that they are generally thought to be clouds: for 
fome of them have been firit interrupted and bro- 
ken, and then have vanifhed entirely. They have 
fometimes been obferved of different breadths, and 
afterwards have all become nearly of the fame 
breadth. Large fpots have been feen in thefe 
Belts; and when a Belt vanithes, the contiguous 
{pots difappear with it, The broken ends of fome — 
Belts have been generally obferved to revolve in - 
the fame time with the fpots: only thofe nearer 


s of his furface, by his annual 


- the Equator in fomewhat lefs time than thofe near 


the Poles; perhaps on account of the Sun’s greater 


heat near the Equator, which’ is parallel to the 


_ Belts and courfe of the fpots. Several large {pots, 
_ which appear round at one time, grow oblong by ~ 


He has no 
change of 
feafons 3 


degrees, and then divide into two or three round 
{pets. The periodical time of the fpots near the 
Equator is 9 hours 50 minutes, but of thefe near 


_the Poles 9 hours 56 minutes, See Dr. Smiru’s - 


Optics, § 1004, & feq. 

71. The Axis of Jupiter is fo nearly perpendi- 
cular to his Orbit, that. he has no fenfible change 
of feafons; which is a great advantage, and wifely 
ordered by the Author of Nature. For, if the 
Axis of this Planet were inclined any confiderable 


number of degrees, juft fo many degrees round 


each Pole would in their turn be almoft fix of our 
years together in darknefs. And, as each degree 
12 of 
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of a great circle on Jupiter contains 706 of our 
miles at a mean rate, it is eafy to judge what, vatt 
tracks of land would be rendered uninhabitable 
by any confiderable inclination, of his Axis. 

72. The Sun appears but. g,th part fo big” to buthastour 
_ Jupiter as to us; and his licht and heat are in the Me™ 
fame {mall proportion, but compenfated by the 
quick returns thereof, and by four Moons (fome 
Digger and fome lefs than our Earth) which re- 
volve about him: fo that there is fcarce any part 
of this huge Planet but what is during tle whole 
night enlightened by one or more of thefe Moons, 
except his Poles, whence only the fartheft Moons 
can be feen, a where. light is not there wanted, 
becaufe the Sun conftantly ‘circulates in or near the 
Horizon, and is very probably kept in view of 
both Poles by the refraction of Jupiter’s Atmo- 
fphere, which, if it be like ours, has certainly re- 
fractive power enough for that purpote. 

73, Lhe Orbits of thefe Moons are LOSE NON Their pe- 
in the Scheme of the Solar Syftem by four fmall ioe: ) 
circles marked 1, 2, 3, 4,.0n Jupiter’s Orbit 4 ; at 7 
but they are drawn fifty times too large in propor- 
tion. to it. The firft Moon, or that neareft to 
Jupiter, goesround him in 1-day 18 hours and 36 
minutes of our tine; and is 229 thoufand miles 
diftant from his center: The fecond performs its 
revolution in 3 days 13 hours and 15 minutes, © 
at 364 thoufand miles -diflance: ae third in 7 
days 3 hours and 59 minutes, at ihe ea of 
580 thoufand miles: And the Ae * outer- 
moft, in 16 days 13 hours and 30 ee le at the 
diftance of one million of miles from his center, 

74. The Angles under which the Orbits of Jue Parattaxof 
piter’s Moons are feen from'the Earth, at H simean er oF 
diftance from Jupiter, are as follow: The firft, cifances 
Bens the fecond, mi 14”; the third, 958”; and Se 
the fourth, 17 30%. — And their diftances from. 
Jupiter eens by his femidiameters, are thus: 

The firlt, BF ; the fecond, g; the third, Mee ; con 
the 


. ~ Moons. 
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Howheap- the fourth, 2 5e5.* This Planet, feen from its 
pears ‘his neareft Moon, appears 1000 times_as large as our 
Moo. = Moondoes tous; waxing and waning in all her 
monthly thapes, every 424 hours. 1h RRs 
‘Two grand ~ 75, Jupiter's three neareft Moons fall into his 
: difcoveries : a : ay 
made by the {hadow, and are eclipfed in every Revolution: but i. 
-Edlipfes of the Orbit of the fourth Moon is fo much inclined, 
Ue i _that it paffes by its oppofition to Jupiter, with- 
out falling into his thadow, two years in every fix. 
By thefe Eclipfes, Aftronomers have not only dif- 
covered that the Sun’s light takes up eight minutes 
of time incoming tous; but they have alfo deter- 
mined the longitudes of places on this Earth with 
greater certainty and facility, than by. any other 
method yet known ; as fhall be explained in the: 
eleventh Chapter. : 
The great ° 76. “The difference between the Equatoreal and 
difference Polar diameters of Jupiter is 6230 miles ; for his _ 
betweenthe . : : ; 
Eguatoreal €Guatoreal diameter is to his polar, as 13 to 12. 
and Polar’ So that his Poles are 3115 miles- nearer his center 
diameters : ; 44% 1 ‘ ay, 
of Jupiter. than his Equator is. This refults from: his quick 
motion round his Axis; for the fluids, together 
with the light particles, which they can carry or - 
wath away with them, recede-from the Poles which 
are at reit, towards the Equator where the motion - 
is quickeft, until there be a fufficient number ac- 
cumulated to make up the deficiency of gravity 
loft by the centrifugal force, which always arifes 
from a quick motion round an axis: and when the 
deficiency of weight or gravity of the particles is 
madeup by a fufficient accumulation, there is an 
equilibrium, and the equatoreal parts rife no higher, 
Our Earth being but a very {mall Planet compared - . 


* Cassini Elemens d’ Aflronomie, Liv. ix. chap. 3.. Dr. 
Herfchel obferves, that the third Satellite is confiderably 
larger than any of the reft; that the firft is a little larger 
than the fecond, and nearly of the fize of the fourth, and that 
the fecond is a little {maller than the firft and fourth, or the 
fmalleft of them all. They have been obferved to have a 

'~ rotatory motion.—Zid. Ae 


to . 
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to Jupiter, and its motion on its Axis being much PLarsz 1. 
flower, it is lefs flattened of courfe; for the dif. jhe de 
ference between its equatoreal and polar diameters in thofe of 
is only as 230 to 229, namely, 36 miles *. i eal 

77. Jupiter’s Orbit is inclined to’ the Ecliptie Place ofhis 
in anangle of 1 degree 20 minutes. His afeend- *°¢* 
ing Node is in the 8th degree of Cancer, and his 


deicending Node in the 8th degree of Capricorn. 


78. Saturn, the moft remote of all the Planetst, 
(difeovered previous to the year 1781) is about 780 
million of miles from the Sun; and, travelling at . 
the rate of 18 thoufand miles every hour, in the 
circle marked } , performs its annual circuit in 29 Fig. E. 
years 167 days and 5 hours of our time: which 
makes only ‘one year to that Planet. Its diameter | 
is upwards of 67,000 miles; and, therefore, it is 
more than 600 times as big as the Earth. + : 
49. This Planet is furrounded by a thin broad ie Bing. 
Ring, as an artificial Globe is by an Horizon. The * ”’ 
Ring appears double when feen through a good 
telefcope, and is reprelented, by the figure, in fuch 
an oblique view as it is‘generally feen. Itisin- _ 
clined 30 degrees tothe Ecliptic, and is about 2t 


* According to the French meafures, a Degree of the 
Meridian at the Equator contains 340605.68 French Feet: and 
_a Degree.of the Meridian in Lapland contains 3446247.40: 
fo that a Degree in Lapland is 4090.72 French Feet (or 
42.80.02 Englith Feet) lenger than a Degree at the Equator. 
The difference is 84, parts of an Englifh mile—Hence, the 
Harth’s Equatoreal Diameter contains 39386196 French Feet, 
or 41926356 Englith; and the Polar Diameter 39202920 
French Feet, or 41731272 Englifh. So that the Equatoreal 
Diameter is 195084 Englifh Feet, or 36.948 Englith Miles, 
longer than the Axis. : ’ 

+ The Georgian Planet was not difcovered when this was 
written. ; 

+ Belts have alfo been obferved on Saturn, fimilar to thofe 
on Jupiter, it has confequently an atmofphere, and revolves - 
upon an axis: this is confirmed by the obfervations of Dr. 
Herfchel, and, according to him, the time of rotation of the | 
Planet is performed in 10 hours 16 minutes. The Belts ap~ 
pear to haye the lame degree of curvature as the Ring.—Ed. 

thoufand 
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PLATE ¥. thoufand miles in -breadth ; which is equal to its 
diftance from Saturn on all fides. There is reafon 
to believe that the Ring turns round its Axis, be- 
caufe, when it is almoft edgewife to us, it appears 
fomewhat thicker on one fide of the Planet than on 
the other; and the thickeft edge has been feen on 
different fides at different times.* Saturn having 

no 


* This furmife of the author has been verified by the ob- 
fervations of Dr. Herfchel, who, fince the death of Mr. 
Fergufon, has afcertained the time of the rotation of the Ring 
in its own plane, to be performed in 10 hours 32 min. 15”. 
He alfo obferved that the light of the Ring is generally brighter 
than that ofthe Planet; and that it is no lefs folid and fubftantial 
than the Planet itfelf.. In order to corroborate the above, he | 

fays, “ When we add alfo, ‘that the Ring cafts a dark fhadow 

upon the Planet, is very tharply defined both in its outer and 
inner edges, and in, brightnefs exceeds the Planet itfelf, it 
feems to be almoft proved, that its confiftence cannot be lefs_ 
than that of the body. of Saturn; and that, confequently, ne 
degree of fluidity can be admitted fufficient to permit a re- 
volving body to keep in motion for any confiderable time.” 
Dr. Herfchel remarks that the Ring is extremely thin, that it 
is equally thick at equal diftances from the center; and of 
equal diameter throughout the whele of its conftruction : that 
its edge is not fquare, but that there is the greateft reafon to 
fuppofe it to be either fpherical or fpheroidal; in which cafe, 

4 evidently, the Ring cannot difappear for any long time: nay, 
he ventures to affirm, that the Ring cannot poffibly difappear 
on account of its thinnefs; fince, either from the edge, or the 
fides, even if it were fquare on the corners, it muft always 
expole to our fight fome part which is illuminated by the rays 
ofthe fun-; and, that this is plainly the cafe, we may conclude, 
from its being vifiblein Dr. Herfchel’s large telefcopes, when 
by others of a lefs magnifying power, it could not be feen; 
and when, evidently, we were turned towards the unenlight- 
ened fide, fo that we muft either fee the rounding part of the 
enlightened edge, or elfe the light of Saturn upon the dark- 
ened fide of the Ring, in the Ruan manner as the reflected 
light of the Earth is obferved on the Moon,a little time before 
or after its conjunction with the Sun. 

According to Dr. Herfchel’s obfervations, the Ring appears 
to be double, or rather to be compofed of two concentric 
Rings, in the fame plane, feparated by a dark or black {pace; 
of thefe he gives the fellowing dimenfions: ; 

. . Miles. 

Inner giameter of fmallerRing- - - = = = 146345 

Outfide diameter of ditto © = - 2 « + = = 184393 

re 2 Jnner 
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. - no vifible {pots on his body, whereby to determine 
_ the time of his turning round his Axis, the length 
of his days and nights, and the pofition of his 
Axis, are unknown to us.* 

80. The Sun thines almoft fifteen of our years 
together on one fide’ of Saturn’s Ring without fet- 
ting, and as long on the other in its turn. So 
that the Ring is vifible to the inhabitants of that 
Planet for almoft fifteen of our years, and as long 
invifible by turns, if its Axis has no inclination to 
its Ring : but if the Axis of the Planet be inclined 
to the Ring, fuppofe about 30 degrees, the Ring 
’ wil appear and difappear once every natural day 
to all the inhabitants within 30 degrees of the 
Equator on both fides, frequently eclipfing the Sun 
in a Saturnian day. Moreover, if Saturn’s Axis be 
fo inclined to his Ring, it is perpendicular to his 
Orbit ; and thereby the inconvenience of different 
feafons to that Planet is avoided. For confidering 
the length of Saturn’s year, which is almoft equal 


to thirty of ours, what a dreadful condition muft 


His Axis 
probably 
inclined ta 
his Ring. - 


the inhabitants of his Polar regions be in, if they: 


be half that time deprived of the light and heat of 
the Sun! which is not their cafe alone if the Axis 
of the Planet be perpendicular to the Ring, for 
then the Ring muft hide the Sun from vaft tracks 
of land on each fide of the Equator for 13 or 14 
of our years together, on the fouth fide and north 


. fide 
. , - Miles. 

'- Noner diameter of larger Ring - - - = - - 190248 
Outfide diameter of ditto + - - # = - + 204883 
Breadth of the inner Ring - = - = = = = 20000 
Breadth of the outer Ring - + - = + + = 7a00 
Breadth of the vacant fpace- - - + - - - 28 39. * 


_._* Dr.Herfchel having difcovered that there are fome belt- 
ike appearances on this Planet, fimilar tothofe which are feen 
on Jupiter, concluded that it muft revolve on its Axis, and that 
_ witha pretty quick motion. Healfo thinks he has determined 
from fome parts of thofe Belts which are lefs black than others, 

_ that this revolution is performed in 10 hours 16 minutes. 
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fide by turns, as tle Axis inclines to or from the 

Sun: the reverfe of which inconvenience 1s another 

- good prefumptive proof of the inclination of Sa- 

-turn’s Axis to its Ring, and alfo of his Axis being 
perpendicular to his Orbit. Ree . 

How the ~ 81. This Ring, feen from Saturn, appears like 

pace a vatt luminous Arch in the Heavens, as if it did 

Satum and not belong to the Planet. When we fee the Ring 

‘ous. moft open, its fhadow upon the Planet is broadeft ; 

and from that time the fhadow grows narrower, as 

the Ring appears to do to us; until, by Saturn’s 

annual motion, the Sun comes to the Plane of the 

- Ring, or even with its edge; which being then 

directed towards us, becomes invifible on account 

of its thinmefs ; as fhall be explained more largely 

in thé tenth Chapter, and illuminated by a figure. 

| pean The Ring difappears twice in every annual Revo- 

turn ap- Jution of Saturn, namely, when he is in the 2oth 

Pe Ree, degree both of Pifces and of Virgo. And when 

and in what Saturn is in the middle between thefe points, or in 

te vy the 20th degree either of Gemini or of Sagittarius, 

open to us: his Ring appears moft open. to us; and then its 

- longeft diameter is to its fhorteft, as 9 to 4.* 

Hisfive © 82. To Saturn, the Sun appearsonly ~.th part 

Moons. fo big as to us; and the light and heat he receives 

from the Sun-are in the fame proportion to ours. 

But to compenfate for the fmall quantity of fun- 

light, he has five Moons, all going round him on 

the outfide of his Ring, and nearly in the fame 

plane with it. ‘The firft, or neareft Moon to Sa- 

turn, goes round him ia 1 day 21. hours 19 mi- 

nutes; and is 140 thoufand miles from his center: 


‘ 


» 


_® Dr. Mafkelyne, in his account. of the re-appearance of 
Saturn’s Ring, 28th Auguit 1789, favs, Saturn appeared of an- 
eiliptical figure, having the longer axis in the direction of tha | 
anfw of the Ring; and eftimated the ratio of the two axes of 
Saturn to bethat of 20 to 21. And, again, 3d October 1789, 
Saturn conftantly appeared of an elliptical figure, with the 
longer axis in the direction of the anf, or jonger axis of the 
Ring. Dr. Herfehe! ftates the equatoreal diameter to be 22”.81, 
~ and the’polar diameter 20".61.—Hd. me 
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The fecond, in 2 days 17 hours 40 minutes; at PLATE.1. 
the diftance of 187 thoufand miles: The third, in 
4 days 12 hours 25 minutes; at 263 thoufand miles 
_diftance: The fourth, in.15 days 22 hours 41 mi- 
nutes; ‘at the diftance of 600 thoufand miles: And 
the fifth, or outermoft, at one million 800 thou- 
-. fand miles from Saturn’s center, goes round him in | 
‘79 days 7-hours 48 minutes.* Their Orbits in Fig.t. 
the Scheme of the Solar Syftem are reprefented by 
the five {mall circles, marked 1. 2. 3. 4. 5..0n Sa- 
turn’s Orbit; but thefe, like the Orbits of the other 
Satellites, are drawn fifty times toolarge in propor- | 
_ tion to the Orbits of their Primary Planets. | 
83. To fuch eyes as ours, unafiified by infiru- No Planet 
5 : . ! but Saturn 
ments, Jupiter is the only Planet that can be feen has ba! faen 
from Saturn; and Saturn the only Planet that can from Jupi- 
be feen from Jupiter. So that the inhabitants of + Wee sel 
thefe two Planets muft either fee much farther than befdes Ja- 
we do, or have equally good inftruments to carry 
their fight to remote objects, if they know that 
there is fuch a body as our Earth in the Univerfe ; 
for the Earth is no bigger feen from Jupiter,.than 
_ his Moons are feen from -the Earth; and if his: 
large body had not firft attraéted our fight, and 
_ prompted our curiofity to view him with a tele-. 
_ {eope, we fhould never have known any thing of 


* Thefe five Satellites were difcovered by Mefirs. Huygens 
and Caffini, previous to the year 1685. ‘Two other Satellites 
belonging to Saturn have been difcovered by Dr. Herfchel, 
fince the death of the author, both interior to the firit, or in- 
nermott of the former Satellites; that which he firft-difcovered, 
which was upon thé igth of Auguft 1787, he called the séath 
Satellite; and the other, upon the 1%th September, the feventh 
Satellite, ~The periodic time of the fixth Satellite ic one day 
8h. 53m. 9”; mean diftance 135 thoufard miles from Saturn ; 
and the period of the feventh is 22 hours 40m. 16”; and mean 
_ diftance 107 thoufand miles. s 
_, Thefifth Satellite revolves upon its axis in the fame time that 
it completes its period round Saturn, and, therefore, conftantly 
prefents the fame fide to Saturn as the Moon does to the Earth; : 
the other Satellites alfo, it is probable, have each a retatory 
‘motion,— Ed, . Bhsig' 
+ D 2 Rey ; his 
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his Moons ; unlefs by chance we had direéted the 


telefcope towards that fmall part of the Heavens 


where they were, at the time of obfervation. And 
the like is true of the Moons of Saturn. | 

84. The Orbit of Saturn is 2? degrees inclined 
to the Ecliptic, or Orbit of our Earth, and inter- 
feéts it in the 22d degree of Cancer and of Capri- 
corn; fo that Saturn’s Nodes are only 14 degrees 


85. The 


* Since Mr. Fergufon’s death, in 1776, afeventh primary 
Planet, belonging to the Solar Syftem, has been difcovered 
by Dr. Herlchel, and called, by him, the Georgium Sidus, 
out of refpeét to His prefent Majefty King George HI. . This 
Planet is {till higher in the Syfem than Saturn, being about 
1565 millions of miles from the Sun; and performs its 
annu;l circuit in 83 years 140 days and 8 hours of our time : 
confequently its motion, in its Orbit, is at the rate of about 
7 thoufand miles in an hour: Teo a good eye, unaffitted by a 
telefcope, this Planet appears like a faint Star of the fifth 
magnitude; and it cannot. be readily diftinguifhed from a 
fixed Star with-a lefs magnifying power than 200 times. — Its 
apparent diameter fubtends an angle of no more than 4” to 
an obferver on the Earth; but its real diameter is about 
34,000 miles, and, confequently, it is about 80 times as big 
as the arth. Hence, we may infer, as the Earth cannot be 
feen under an angle of quite 1” to the inhabitants of the 
Georgian Planet, that it has never yet been feen by them, 
unlefs their eyes and inftrements are. confiderably better 
than ours. | Laas a 

The Orbit of this Planet is inclined to the Ecliptic in an 
angle of 46 26”. Its afcending Node is in the 13th degree of 
Gemini, and its defcending Node inthe 13th degree of Sagit- 
tarius.—As no fpots have yet been difcovered on its furface, 
the pofition of its Axis, and the length of its day and night are 


‘not known. 


On account of the immenfe diftance of the Georgian Planet 
from the Sun, it was highly probable that feveral Satellites, or 
Moons, revolyed round it: accordingly, the high powers of 


Dr. Herfchel’s telefcopes: have enabled him te difcoyer fix ; 


and there may be others which:he has not yet feen, The firft, 
and neareft to the Planet, revolves at the diltance of 123 of the 
Planet’s femi-diameters from it, and performs its revolution in 
5 days 21 hours’a5 minutes: the fecond revolves at 162 femi- 


‘diameters of the primary from it, and Completes its revolutisn 


in 8 days 17 hours 1 minutes the third, at 19 femi-diameters, _ 
in 10 days 23 hours 4 minutes: the fourth, at 22 femi-diameters, _ 
| ; : . in 
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ae 
ware 


to Jupiter, being but .,th part, and to Satur 


Si 
only oth part of what we enjoy; may.at. firfi Jypiterend 


Saturnthan 


thought induce us to believe that thefe two Planets j< ceneraiy 
; . are believed. 


in 13 days 11 hours5 minutes: the fifth, at 44 femi-diameters, 
in 38 days 1 hour 49 minutes: and the fixth, at 88 femi-diame- 
ters,in'107 days 16 bours 40 minutes. It isremarkable that the 
Orbits of thefe Satellites are almoft at right angles to the plane 
of the lcliptic; and that the motion of every one of them, in 
their Orbits, are retrograde. | 

By, c@nparing the great interval between the Orbits of Mars — 
and Jupiter, with that between any two adjacent Planets, it. 
was furmifed upwards of feventy years ago, by Mr. Maclaurin 
and others, and lately by C. Loft, Efg. that there mutt, at leatt, - 
be one Planet, whofe Orbit is exterior to that of Mars, and 
interior to the Orbit of Jupiter. In place of one Planet, how- 
ever, four have been lately difcovered whofe Orbits are con- 
tained between thofe of Mars and Jupiter. Thefe, according 
to the order of time in which they were difcovered, are named 
Ceres, Pallas, Juwo, and Vefta. Bh 

Ceres was difcovered by M. Piazzi, Aftronomer Royal at 
Palermo, in Sicily, on the firftt day of January 1801; ke 
named it Ceres Ferdinandea, in honour of Ferdinand,-king of 
‘Sicily. This Planet appears like a Star of the eighth mag~ 
nitude; its apparent diameter is about two feconds, and its 
true diameter is probably about one-feventh of that of the 
Karth. The periodic time of this Planet is 1681 days, mean 
diftance 2.76694, ‘eccentricity 0. 078476, inclination of its 
Orbit 10° 37’ 4e", epoch at the beginning of the year 1804, 
iofigns 12deg. 1m. 33”; Aphelion 10 figns 26 deg. 26m, 3!” 
and afvending Node 2 figns 20 deg. 59 m. 12”. 

The Planet Pallas was difcovered by Dr.Olbers, at Bremen, 
on the 28th of March 1802., This Planet coinpletes its revo- 
lution in 1680 days, mean diftance 2.70544, eccentricity. 
0.2461, inclination of its Orbit 34° 97 43”, epoch, 1804, 
9 figns 29 deg. 58’ 38". Aphelion 1803, 10 figns 1 deg. 
144”; and afcending Node 5 figns 22 deg. 29'7: appa- 
rently of the eighth magnitude, | | 

The third Planet, or Juno, was difeovered by M. Harding, 
at Lilienthal, near Bremen, on the firft of September 1804. 
The periodic time of this Planet is about\1585 days, mean dif- 
tance 2.66072, eccentricity 0.2526, inclination of its Orbit 
13° 4, epoch atthe beginning of 1805, 1 fign 12 deg, 31’ 43”, - 
- Aphelion,7 figns 23 degrees, o’, and Node 5 figns 21 deg 5’ 

The fourth new Planet, or Vefia, was difcovered by Dr. 
Olbers, at Bremen, on the 29th of March 1807; the elements 
of its Orbit were not afcertained with fufficient Gant aii 
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are entirely unfit for rational beings to dwell upon, 
But, that their light is not fo weak as we imagine, 
is evident from their brightnefs in the night time ; 
and alfo from this remarkable phenomenon, that 
when the Sun is fo much eclipfed to us, as to have 
on the goth part of his dife left uncovered by 

the Moon, the decreafe of light is not very fenfi- 
ble: and juft at the end of darknels i in Total Eclip- 
fes, when his weftern limb begins to be vilible, 
and feems no bigger than a bit ‘of fine filyer wire, 
every one is furpr ifed at the brightnefs wherewith 
that fmall part of him fhines, The Moon when 
Full affords travellers light enough to keep them 
from miftaking their way; and yet, according to 
Dr. Smitru*, it is equal to no more than a go 
thoufandth } part of the light of the Sun: that.ts, | 
the Sun’s light is go thoutmnd times as ftrong as the 
light of the Moon when F ull, Confequently, the 


Sun gives a thoufand times as much light to Saturn 


as tae Full Moon does to us; and vabove three 
thoufand times as much to Jupiter. So that thefe 
two Planets, even. without any Moons, would be 
much more enlightened than we at firft imagine ; 
and by having fo many, they may be very com- 
fortable places of refidence. Their heat, fo far 
as it depends on the force of the Sun’s rays, is 
certainly much lefs than ours ; to which ng doubt 
the bodies of their inhabitants are a as well adapted | 
as ours are to the feafons we enjoy. Andaf we 
confider that Jupiter neyer has any winter, even 
at his-Poles; which probably i is alfo the cafe with 
Saturn, the cold cannot be fo intenfe on thefe two 
Planets as is generally ‘imagined. Befides, there 
may be iomething in the nature of their mould 


~ Allour heat Warmer than mn that of our Earth: and we find that 
vepeneretall our heat depends not on the rays of the Sun; 


_on theSun’s 


rays. 


for if it did, we fhould always have the fame 
months equally hot or cold at their annual returns, 


the time this was written. It is very probable more Planets 


“with their Satellites fill remain to be difcovered.—£d. 


* Optics, Art. 95. 
| But 
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But it is far otherwife, for February is fometimes 
warmer than May; which muft be owing to vapours 
and exhalations from the Earth. 


_ 86. Every perfon who looks upon, and pompates 
the Syfiems of Moons together, which belong to 
Jupiter, Saturn, and Georgian, muft be amazed 
at the vaft masnitude of thefe three Planets, and 
the noble attendance they have in refpeét of our 
little Earth: and can never bring himfelf to think, 
that an infinitely wife Creator thould difpofe of all 
his animals and vegetables here, leaving the other 
Planets bare and defiitute of rational -creatures. 
To fuppofe that he had any view to our benefit in it's highty 
' creating thefe Moons, and giving them their mo- Like sae 
tions round Jupiter and Saturn ; to imagine that Planets are 
he intended-thefe vaft Bodies for any advantage ibabited 
to us, when he well knew they could never be 
feen but by a few Aftronomers peeping through 
telefcopes; and that he gave to the Planets regular 
‘returns of days and nights, and different feafons 
to all where they would be convenient; but of no 
manner of fervice to us; except only what imme- 
‘diately regards our own Planet the Earth ;—to 
imagine, 1 fay, that he did all this on our account, 
would be char ging him impiouifly with having done 
much in vain; and as abiurd, as to imagine that 
he has created a little Sun and a Planetary Syfiem 
within the thell of our Earth, and intended them 
for our ufe. Thefe confiderations amount to little 
lefs than a pofitive proof, that all the Planets are 
inhabited : for if they are not, why all this care in 
farnithing them with fo many Moons,-to fupply 
thofe. with light’ which are at the greater aanies | 
from the Sun? Do we not fee, that the farthe 
Planet is from the Sun, the greater Appar ae - 
has for that purpofe? fave only Mars, which, be- 
ing but a fimall Planet, may have Moons too {mall 
to be feen by us. We know that the Earth goes 
, ar «round 
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different . 
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‘Fig. HI. 


Fig. IV. 
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round the Sun, and turns round its own Axis, to 
produce the viciflitudes of fuumer and winter by 
the former, and of day and night by the latter mo-_ 
tion, for the benefit of its inhabitants. May we 
not then fairly conclude, by parity of reafon, that 
the end and defign of all the other Planets is the 
fame? and is not this agreeable to the beautiful 
harmony which exifts throughout the Univerfe ? 
Surely itis: and raifes in us the moft magnificent 
ideas of the SUPREME BEING, who is every 
where, and at all times prefent; difplaying his 
power, wifdom, and goodnefs, among all his crea- 
tures! and diftributing happinefs to innumerable 
ranks of various beings! | | i 

87. In Fig. II. we have a view of the propor- 
tional breadth of the Sun’s face or difc, ds feen 
from the different Planets. The Sun is'reprefented 
N° 1, as feen from Mercury; N° 2, as feen from: 
Venus; N° 3, as feen from the Earth; N® 4, as 
feen from Mars; N° 5, as feen from J upiter; and. 
N° 6, as feen from Saturn. eh ae 

Let the circle B be the Sun as feen from any 
Planet at a given diftance; to another Planet, at 
double that: diftance, the Sun will appear juft of 
half that breadth, as 4; which contains only one 


fourth part of the area or furface of B. For all: 
-circles, as well as fquare furfaces, are to one ano- 


ther as the fquares of their diameters. Thus, the 


_ fquare 4 is juft half as broad as the fquare B; and 


yet it is plain to fight, that B contains four times 
as much furface as 4. Hence, by comparing the 
diameters of the above Circles (Fig. I.) together, 
it will be found, that in round numbers, the Sun. 
appears 7 times larger to Mercury than to us,’ go 
times larger to us than to Saturn, and 630 times 


_ as large to. Mercury as to Saturn. 


Fig. Vo. 


88. In Fig. V. we have a view of the bulks of 
the Plauets in proportion to each other, and to a 


_ fuppofed globe of two feet diameter for the Sun. 


Ben aca Ca The 
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The Earth is 27 times as big as Mercury, very puatex 
little bigger than Venus, 5 tines as big as Mars; Proportion- 


al bulksand ~ 


but Jupiter is 1649 times as big as the Earth, Sa- diesncc ct 
turn 586 times as big, exclufive of his Ring; and the Planes. 
the Sun is-877 thoufand 650 times as big as the 

Earth, If the Planets in this Figure were fet at 


their due diftances from a Sun of two feet diame- 


ter, according to their proportionable bulks, as in 

our Syftem, Mercury would be 28 yards from the 
Sun’s center; Vents: 51 yards 1 foot; the Earth, — . 
70 yards 2 feet; Mars 107 yards 2 feet; Jupiter” 
370 yards 2 feet; and Saturn 760 yards 2 feet. — 


The Comet of the year 1680, at its greateft dif- 


tance, 10 thoufand 760 yards. In this proportion, 


the Moon’s dittance from thé center of the Earth 


would be only 72 inches. » 
89._ To aflift the imagination in forming an Mice 58 iden of 
of the vait dittances of the Sun, Planets, and Stars, ale 
let us fuppofe, that a body projected from the Sun 
fhould continue to fly with the fwiftnefs of a can- 
non-ball, which is about 480 miles every hour; 
this body would reach the Orbit of Mercury, in 7 
years 221 days; of Venus, in 14 years 8. days; of 


'the Earth, in 19 years gi days; of Mars, in 29 


years 85 days; of Jupiter, in 100 years 280 days; 


of Saturn, in 184 years 240 days; to the Comet of 
1680, .at its greateft diftance from the Sun, in 2660 


years; and.to the neareft fixed Stars, in about 7 


million 600 thoufand years. 
go. As the Earth is not in the center of the Why the 


- Orbits in. which the Planets. move, they come 1.22%?" 


pear bigger 


nearer to it and go farther from it, at different andlefs at 


different 


times; on which account ‘they appear bigger and times, 


lefs by turns. Hence, the apparent magnitudes 
of the Planets are not always a certain rule to 


know them by. | 


gt. Under Fig. III. are the names and Bs Ga ee 


_ of the twelve figus of the Zodiac, which the Reader - 


thould be perfectly well acquainted with; fo as 
¥ Feb RAO He EO 


‘ 
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PLATE 1. to know the characters. without feeing the names, 
Fig.t. . Each fign contains 30 degrees, as in the Circle 
bounding the Solar Syftem ; to which the charac- 

_ ters of the Signs are fet in their proper places. | 


Comets, g2. Comers are folid opaque bodies, with long ‘ 
tranfparent trains or tails, iffuing from that fide 
which is in a direction oppofite to the Sun. .They 
move about the Sun in very eccentric ellipfes; and 
are of a much greater denfity than the Earth; for 

-. ‘fome of them are heated-in every period. to fuch a 
degree, as would vitrily or diflipate any fubftance 
‘known to us,* Sir IsAac Newron computed — 
the heat of the Comet which appeared in the year 
1680, when neareft the Sun, to be 2000 times’ hot- 
ter than red-hot iron, and that being thus heated, 
‘it mufi retain its heat until it comes round again, 

although its Period fhould be more than twenty 
thoufand years; and it is computed to be only 575. 
The method ef computing the heat’ of bodies, 
keeping at any known diftance from the Sun, fo. 
far as their heat depends on the force of the Sun’s 
rays, is very eafy; and fhall be explained in the 
eighth Chapter. - | | 

Fig. I. . 93. Part of the Paths of three Comets is deli- 
neated in the Scheme of the Solar Syftem, and the: 
years marked in which they made their appearance, 

_ Theyprove ‘There are, at leaft, more than 700 Comets belong- 
thatthe Or- . A : . : 

bits of the Ing to our Syftem, moving in all forts of dire@tions; 

Planets are and all thofe which have been obferved, have 

not folid. Vee ~ : ; 

3 moved through the etheréal Regions and the Orbits 
of the Planets, witliout fuffering the leaft fenfible 
refiftance in their moticns ;' which ‘plainly proves 

ThePeriods that the Planets do not move.in folid Orbs. Of 


i etihre 8 a ‘ pi 
sreknows, all the Comets, the Periods of the above-mentioned 


* In page 38, it is obferved by the Author, that all our 
heat depends not on the rays of the Sun; hence, therefore, the 
degree of ‘heat fpecified above cannot be fo great as it is 
aflerted to be.—id, | | 

i | > three 


+ . 
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’ three only are known with any degree of certainty.* 
The firft. of thefe Comets appeared in the years 
1513, 1607, and 1682; and is expected to appear 
again in the year 1758, and every 75th year 
afterward. The fecond of them appeared in 1532 
and 1661, and may be expected to return in 1 789, 
_and .every 129th year afterward. The third, 
having laft appeared in 1680, and its Period being 
no lefs than 575 years, cannot return until the. 
year 2225. This Comet, at its greateft diftance, 
is about eleven thoufand two hundred millions of 
miles from the Sun; and at its leaft diftance from 
the Sun’s center, which is 49,000 miles, 1s within 
defs than a third part of the Sun’, femidiameter ' 
irom his furface. In that part of its Orbit which 
is neareft the Sun, it flies with the amazing {wift- 
nefs of 880,000 miles in an hour ; and the Sun, as 
feen from it, appears a hundred degrees in breadth ; 
conlequently, 40 thoufand times as Yarge as he — * 
appears tous. The aftonidhing length that this They prove 
Comet runs out into empty {pace, fuggefts to pe 
minds an idea of the vaft diftance between the meat aie 
‘Sun and the nearelt fixed Stars; of whofe Attrac: ces. 
tions all the Comets muft keep clear, to ‘return 
periodically, and go round the Sun ; and it fhews 
ous alfo, that the neareft Stars, which are probably 
thofe that feem the largeft, are as big as our Sun, 
and of the fame nature with him; otherwife, they ° 
could not appear fo large and bright to us.as they 
do at fuch an immenfe difiance. — uci 
g4. The extreme ucat, the denfe atmofphere, the Inferences 
grofs vapours, the chaotic flate of the Comets, Hate ig 
{eem at firft fight to indicate them altogether Unfit phenomena 
for the purpofes of animal life, and a mof mife- 
rable habitation for rational beings; and, theréfore, 
fome ft are of opinion that they are fo many helis 


*In° Dr. Rees’s Cyclopedia, there is a table of the Ele. ~ 
ments of the Orbits of 97 Comets; and fince, the elements of 
feveral others have been afcertained.— Ea. 

Saar iy. W uiston, in his Aflronomical Principles of Religion. 


for 
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for iinevon tinge the! danmed with perpetual vicifi. 
tudes of heat and cold. But when we confider, on 
the other hand, the infinite power and goodnefs of | 
the Deity; the latter inclining, the former enabling 


him to make créatures fuited to all fiates and ¢ir- 


cumfiances; that matter exifts only for the fake - 


of intelligent beings; and that wherever we find - 
it, we always find it ‘pregnant with life, or necef- 
far ily fubfervient thereto; the numberlefs fpecies, 
the aftonifhing diverfity of animals in earth; air, 

water, and even on other animals; every blade of 
grafs, every tender leaf, every natural fuid,{warm- 
ing with life; and every one of thefe enjoying fuch 
gratifications as, the nature and ftate of each re- 
quires: when we reflect moreover that fome cen- 


turies ago, till experience undeceived us,.a great 


part of the Earth was adjudged uninhabitable; the 
Torrid Zone, by reafon. of exceflive heat, and the 


two Frigid Zones becaufe of their intolerable cold; 


_itfeems highly probable, that fuch numerous and 


large maffes of durable matter as the Comets, how- 
ever unlike they may be to our Earth, are not de- 
ftitute of beings capable of contemplating with 


wonder, and acknowledging with gratitude, the ss 


wifdom, fymmetry, and beauty of the Creation; 

which is more plainly to be obferved in their 
extenfive Tour through the Heavens, than in our 
more confined Circuit. If farther conjecture be. per-* 
mitted, may we not fuppofe them inftrumental ‘in. 


recruiting the expended fuel of the Sun; and fup- 


“plying the exhauited moifture of the Planets? 


Thisfyfem 

- yeryancient 
and éemon- 
Rrabic. 


However difficult it may be, circumftanced as we 


are, to, find out their particular deftination, this is 


an undoubted truth, that wherever the Deity ex- 
erts his power, there he alfo manifelts his wifdom 
and Wren iG | 


THE SOLAR SYSTEM, here dctelabed, 
is ae a late invention; for it was’ known and: 
taught by. the wile Samian philofopher Py rnaao- 

RAS, 


4 
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RAS, and others among the Ancients: but in latter 
times was loft, till the 15th century, when it was 
again reftored by the famous Podi/n philofopher, 
Nicuotaus Copernicus, who was born at Thorn 
in the year 1473... In this, he was-followed by the 
- greatefi mathematicians and philofophers that have 
“fince lived; as Kepter, Gantizo, Descartes, — 
Gassenpus, Framsreap, Cassini and Sir Isaac 
Newrtom ; the laft of whom has efiablithed this 
Syftem on-fuch an everlafting foundation of ma- 
thematical and phyfical demonftration, as-can ’ — 
never be fhakén; and none who underftand him’ — 
Cau Meurate AUOUL Me init Car rie oo on ae a 
96. In the Plolomean Syftem, the Earth was fup- The Proto- 
_ pofed to be fixed in the Center of the Univerfe; Pe3 95 
and that the Moon, Mercury, Venus, the Sun, 
“Mars, Jipiter, andSaturn, moved round the Earth: 
above.the Planets, this Hypothefis placed the Fir- 
. mament of Stars, and then the two Cryftalline 
', Spheres: all which were included in and received 
motion from the Primum Mobile, which conftantly 
revolved about the Earth in 24 hours from Eat to 
Weft. But as this rude fcheme was found inca-_ 
-' pable of ftanding the tefl of art and obfervation, it 
was {oon ‘rejected -by all true philofophers; not- 
withitanding the oppofitien and violence of blind 
_, and zealous bigots, | ate Se va 
_ 97. The Tiychonie Syftem facceeded the P tolomean, thetycho. 
but was never fo generally received. In this the tis Sytem 
Earth was fuppofed to fiand ftill in the Center of rae 
the Univerte or Firmament of Stars, and the Sun ®!e-- 
to revolve about it every 24 hours; the Planets, 
Mercury, Venus, Mars, Jupiter, and Saturn, go- 
ing round the Sun in the times already mentioned. 
But fome of Tycuo’s difciples fuppofed the Earth : 
to have a diurnal motion round its Axis, and the _ 
- Sun with all the above Planets to go round the 
Earth in a year; the Planets moving round the 
“Sun in the aforefaid times. “This hypothefis, being 
| | i "partly 


\ 


” 
oy 
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palit trae and partly falfe, was embraced by few; - 
and foon gave way to the only true and rational 
Syftem, rettored by Copernicus, and sah noo | 
by Sir Isaac Newton. 

98. To bring the foregoing particulars into one 
point of view, ‘with feveral others which follow, 
concerning the Periods, Diftances, Bulks, &c. of 
the Planets, the following Table is inferted. 


s 


” 


Note--As the following Table is conftrncted on the fup- 
pofition that the horizontal parallax of the Sun is 10 feconds, 
inftead of 8”. 8128, as deduced by M. du Sejour, from a com- 
parifon of the feveral obfervations ef the Tranfits of Veius-. 
in 1761, and 1769; therefore, the diftances, sca contained 
eyern will vat accordingly. —Ed. 
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CHAP. UL 
The COPERNICAN SYSTEM. demonjtrated 


to be true. ae 


ey hea 99. ATTER is of itfelf ina&tive, and indif- 
ferent to motion or reft. A body at reft 

can never put. itfelf in motion; a body in motion 

can never fiop or move flower of itfelf. Hence, 
when we fee a body in motion, we conclude fome 
other fubftairce muft: have given it that motion 5 
when we fee a body fall from motion to reft, we 

conclude fome other body or caufe ftopt it. 

100. All motion is naturally reétilineal. A 

bullet thrown by the hand, or difcharged from a 
cannon, would continue to move in the fame 
direstion 1t received at firft, if.no other power 
diverted its courfe. Therefore, when we fee a body 
moving in a curve of whatever kind, we conclude | 

jt muft be ated upon by two powers at leaft: one 

to put it in motion, and another drawing it off 
from the reétilineal courfe which it. would otherwife 
have continued to move in. re 
oie 2 oe 101. The power by which bodies fall towards 
onttrable. 446 Earth, is called Gravity or Attraétion,, By this — 
. power in the Earth it is, that all bodies on what- — 
ever fide, fall in lines perpendicular to its furface. 
On oppofite parts of the Earth bodies fall in oppo- 

- fite direétions, all towards the center, where the 
whole force of gravity is, as it were, accumulated. 

By this power conftantly acting on bodies near the 
Earth, they are kept from leaving it altogether ; 

and thofe on its furface are kept thereto on all 
fides, fo that they cannot fall from it. Bodies 

thrown with any obliquity aredrawn by this power 
from a firaight line into a curve, until they fall to 
the ground: the greater theforce by which they are. 
thrown, the greater is the diftance they are carried 
before they fall. If we fuppofe a body carried 

| aes Pai” of feveral 
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feveral miles above the Earth, and there projeGted 
in a horizontal direction with fo greata velocity, 
that it would move more than a femidiameter of 
the. Earth in the time it would take to fall to the 
Earth by gravity; in that cafe, if there were no 
a refitting medium in the way, the body would not. 
fall to the’ Earth at all, but continue to circulate 
round the Earth, keeping always the fame path, 
and returning to the point from whence it was 
projected with the fame velocity as at firft. 

102. We find the Moon moves round the Earth Projcaite 
is an orbit nearly circular. The Moon therefore a 
muft be atted-on by two. powers or forces; one, | 
which would caufe her to move in a right line, 
another bending her motion from that line into a 
curve. ‘This attractive power mutt be feated in 
the Earth, for there is no other body within the- 
Moon’s Orbit to draw her. The attraétive power 
of the Earth therefore extends tothe Moon; and 
in combination with her projeétile force, caufes her 
to move round the Earth in the fame manner as 
the circulating body above fuppofed. 
porogt: The Moons of Jupiter and Saturn are ob- The sun 
ferved to move round their primary Planets: there- ayaa 
fore there is an attractive power. in thefe Planets, other. 
All the Planets move round the Sun, and refpeét 
it for their center of moticn: therefore the Sun 
muft be endowed with an attracting power, as well - 
asthe Karth and Pianets. ‘The like may be proved 
of the Comets. So that all the bodies or matter 
of the Solar Syftem, are pofleffed of this power ; 
and perhaps fo is all matter whatever. 

104. As the Sun attratts the Planets with their 
Satellites, and the Earth the Moon, fo the Planets 
and Satellites re-attraé the Sun; and the Moen the 
Earth; action and re-action being always equal, 
This is alfo confirmed by obfervation ; for the * 
Moon raifes tides in the ocean, and the Satellites 
and Planets difturb one another’s motions. | 


io “105. Every 
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tos. Every particle of matter being poflefled of 
an attraéting power, the effe& of the whole mufé 
be in proportion to the number of attra¢ting parti- 
cles: that is, tothe quantity of matter in the body. 
This is demonftrated from experiments on, pende- 
lums: for, if they are of equal lengths, whatever 
their weights be, they always vibrate in equal’ 
times. Now, if one be double the weight of 
another, the force of gravity or attraction mutt: 
be double to make it ofcillate with the fame cele-. 
rity: if one is thrice the weight or quantity of | 
matter of another, it requires thrice the force of. 
gravity to make it move with the fame celerity.: 
Hence it is certain, that the power of gravity 19: 
always proportional to the quantity of matter in. 

bodies, whatever tseir bulks or figures are. 
106. Gravity alfo, like all other virtues or ema- 
nations, either drawing or impelling a body to- 
wards a center, decreafes as the fquare of the dil- 
tance increafes: that is, a body at twice.the dif- 
tance attraG@s another with only a fourth part. of 
the-force; at four times the diftance, with a fix-) ; 
teenth part of the force. ‘This too is confirmed 
from obfervation, by comparing the diftance whicle 
the Moon falls in a minute from aright line touch- 
ng het Orbit, with the fpace which bodies near 
the Earth fall in the fame time:. and alfo by com- 
paring the forces whieh retain Jupiter’s Moons in 
their Orbits. This will be more fully explained: 
in the feventh Chapter. | a: 
Gravitation ro. Fhe mutual attraction of bodies may be 
aan exemplified by a boat anda fhip on the Water, 
plified. connected by arope. Let aman either in a {hip or 
boat pull the rope (it is the fame in effect at which 
end he pulls, for the rope will be equally ftretched: 
throughout). the fhip and boat will be drawn to- 
wards one another; but with this difference,, that 
the boat will move as much fafter than the fhip,. 
as the fhip is heavier than the boat. Suppofe the 
boat as heavy as the fhip, and they will draw one 
‘, : ; another — 
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another equally (fetting afide the greater refiftance 
of the Water on the bigger body) and meet in the 
middle of the firft diffance between them. If the 
fhip bea thoufand or ten thoufand times heavier 
than the boat, the boat will be drawa a thoufand 
or ten thoufand times fafter than the fhip; and 
meet proportionably nearer the place’from which 
the fhip fet out. Now, while one man. pulls the 
rope, endeavouring’ to bring the fhip and boat tos 
| gether, let another man, in the boat, endeavour to 
row it off fideway, or at right angles to the rope; 
and the former, inftead of being able to draw the 
boat to the fhip, will find it enough for kim to 
keep the boat from going further off; while the 
latter, endeavouring to row off the boat ina firaight 
line, will, by means of the other’s pulling it to 
wards the fhip, row the boat round the fhip at the 
rope’s length from her.. Here the power em ployed 
to draw the fhip and boat to one atiother reprefents 
_ the mutual attra@tion of the Sun and Planets, by 
which the Planets: would fall freely towards the 
Sun with a quick motion; and would alfo in falling 
attract’ the Sun towards them. And the’ power 
employed to row off the boat reprefent’s the pro- 
jectile foree impreffed on the Planetsat ri ghtangles, 
or nearly fo, to the Sun’s attraétion; by which 
_ means the Planets move reund the Sun, and aré 
kept from falling to it. On the other hand, if it 


be attempted to make a heavy fhip go round a — 
hight boat, they will meet fooner than the fhip car — 


get round; or the fhip will drag the boat after it. 
_ 108. Let the above principles be applied to’ the 
Sun and Earth; and they will evince, beyond a 
poffibility of doubt, that the Sun, not the Eaith, 


is the center of the Syftem’; and that the Earth 


moves round the Sun asthe other Planets do- 

_ For, if the Sua moves about the Earth, the 

Earth’s attractive power miuft draw the Sun towards 

it from the line of projection, fo as to bend its 

Motion into a curve. But the Sun being:at leatt 
: E2 | 22] 
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227 thoufand times as heavy as the Earth, by be- 
ing fo much weightier as its quantity of matter is 
greater, it muft move 227 thoufand times as flowly 
towards the Earth, as the Earth does towards the 
; Sun; and, confequently, the Earth would fall to 
the Sun in a fhort time, if it had not a very ftrong 
projectile motion to carry it off. The Earth, there- 
_ fore, as well as every other Planet in the Syfiem, 
ian null haves rectilineal impulfe, to prevent its fall- 
The abfur- - : | bd 7 
dity of fap. NG to the Sun. To fay, that gravitation retains 
pages the ali the other Planets in their Orbits without affect- 
val ing the Earth, which is placed between the Orbits 
of Mars and Venus, is as abfurd as to fuppofe that 
fix cannon bullets might be projected upward to 
different heights in the Air, and that five of them 
fhould fall down to the ground; but the fixth, 
which is neither the higheft nor the loweft, fhould 
‘ remain fufpended in the Air without falling, and 
the Earth move round about it. “ 
_ 109. There is no fuch thing im nature asa heavy | 
body moving round a light one, as its eenter of 
motion. A pebble faftened to a mill-ttone by a 
firing, may by an eafy.impulfe be made to circu- 
late round the millitone : bet no impulfe can 
make a mill-fione circulate round a loofe pebble, 
for the mill-ftone would go off, and carry the 
pebble along with it. beciisits 
r10. The Sun js fo immenfely bigger and hea- 
vier than the Earth*, that if he was moved out 
of his place, not only the Earth, but all the other 
Planets, if they were united into one mafs, would. 
be carried along with the Sun, as the pebble would 
be with the mill-ftone.} | 
_ 111. By confidering the law of gravitation, 
which takes place throughout the Solar Syftem, in 
fanother light, it will be evident that the Earth 


® ‘As will be demonftrated in the Ninth Chapter. 
+ According to Dr. Herfchel, the whole Planetary Syften: 
bas a motion in ablolute fpace.— Ld, i 
. — moves - 
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moves round the Sun in a year; and not the Sun 
round the Earth. It has been {hewn (§ 106) that The har. 
the power of gravity decreafes as the {quare of the tack Mel 
difiance increafes;.and from this it follows with motions, 
mathematical certainty, that when two or more 
bodies move round another as their center of mo- 
tion, the fquares of their periodic times will be to 
one another in the fame proportion as the cubes of 
their mean diftances from the central body. This 
' holds precifely with regard to the Planets round 
theSun, and the Satellites found the Planets ; the 
relative diftances of all which are well known, 
But; if we fuppofe the Sun to move round:the 
Farth, and compare its period with the’ Moon’s 
_by the-above rule, it will be found that the Sun 
would take no lefs than 173,510 days to move 
round the Earth, in which cafe our year would be 
475 times as long as it now is. To. this we may 
add, that the afpedts of increafe and decreafe of 
the Planets, the times of their feeming to ftand 
full, ‘and to move direé& and retrograde, anfwer 
precitely to the Earth's motion; but not at allto ~*~ 
the Sun’s, without introducing the moft abfard and 
monitrous fuppofitions, which would deftroy all 
harmony, order, and fimplicity in the Sytem! 
Moreover, if thé Earth be fuppofed to ftand fill, 
and the Stars te-revolve in free {paces about the 
Earth in 24 hours, it is certain that the forces by 
which the Stars: revolve in their Orbits are not 
directed to the Earth, but to the centers of the 
feveral Orbits; that is, of the feveral parallel Circles 
which the Stars on different fides of the Equator | 
defcribe every day; and the like inférences gl ee ae 
- be drawn from the fuppofed diurnal motion of the dity of fap- 
Planets, fince they are never in the Equinoctial pores the 
_ but twice in their courfes with regard to the {tarry Planets to 
Heavens. But, that forces fhould be dirééted to igs 
no central body, on which they phyficall y depend, : 
but to innumerable imaginary points in the Axis 
ef the Earth produced to the Poles of the. Hea- 
tayains Pe Dey Ege: ; vens, 
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vens, is a hypothefis too abfurd to be admitted 
by any rational creature, And it is fill nore ab- . 
furd to imagine that thefe forces thould increafe 
exactly in proportion to the diftances from this 
Axis; for that isan indication of an increafe to in- 
finity; whereas the force of attraétion is found to 
decreafe in receding from the fountain from whence 
it flows. But, the farther any. Star is from. the 
quiefcent Pate: the g greater muit be the Orbit which. 
it defcribes; and yet it appears to go round in the 
fame. time as ‘the nearefi Star to “the Pole does. 
And if we take into confideration the 'twofold mo- 
tion obferved in the Stars, one diurnal round the 
Axis of the Earth in 24 hours, and the other mene 
the Axis of the Ecliptic in 25920 years, (§ 251,) it 
would require an explication of fuch a perplexed 
com pofition of forces, as could by no means’ be 
tepgnaued with Bay phyfical Theory, | 


Orjestion 102. There i is but one objeétion of any weight 
fart sm that can be made againft the Earth's motion round 
tion an- > the Sun, which is, “that j in oppofite points of the 
fwore’. _Earth’s Orbit, its Axis, which always keeps a pa- 
rallel diretion, would point to different fixed Stars; 

which i is not found to be fag, But this objection 

is eafily removed, by confidering the immenfe dif, 

tance of the Stars in  refpeét of the diameter of the 

Earth's Orbit; the latter being no more than a . 

povnt when compared to the former. If we lay a 

. ruler on the fide of a table, and along the edge 

of the ruler view the top of a {pire at ten miles 
diftance, then lay the ruler on the oppofite fide of 

the table in a parallel fituation to what it had be- 

fore, an] the {pire will full appear along the edge 

of the ruler; becaufe our eyes, even when aflitted. 

by the bet inflruments, are incapable’ of diftin- 
guithing fo fmall a change at fo great a diftance. 

113. Dr. Brapuey found by a long ferjes of the 

moft accurate obfervations, that there is a fmall ap- 

parent motion of the hxed Stars, occafioned by the 

| nteep aberration 
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aberration of their light, and fo exaétly anfwering 
to an annual motion: of the Earth, as evinces the 
fame, even to a mathematical demonftration. Thofe 
who are qualified to read the Doétor’s modeft Ac- 
count of this great difcovery, may confult the P/hi- 
lofophical Tranfaétions, N° 406. Or they may find 
it treated of at large by Drs. Smrrn*, Lonet, 
' Desacutierst, Ruruerrvurtul, Mr. Macravrin, 
Mr. Simpson, and M. peta Caitie**, 

114. It is true that theSun feems to change his 
place daily, fo as to make a tour round the tarry 
Heavens ina year. But whether the Sun er Earth 


* moves, this appearance will be the fame; for, 


Why the 
Sun appears 
to change 
his place. 


when the Earth is in any part of the Heavens, the — 


San will appear in the oppofite. And therefore 
_ this appearance can be no objection againft the 
motion of the Earth. : 


115. Itis well known to every perfon who has 


failed on {mooth water, or been carried by a ftream 


in acalm, that, however faft the veffel goes, he » 


does not feel its progreffive motion. The motion 
of the Earth is incomparably more fmooth and 
uniform than that of a fhip, or any machine made 
and moved by human art: and therefore it is not 
<o be imagined that we can feel its motion, 


116, We find that the Sun, and thofe Planets 
on which there are vifible {pots, turn round their 
Axes: for the fpots move regularly over their 
Difes{+. Frem hence we may reafonably con- 
clude, that the ether Planets on which we fee no 
pots, and the Earth, which is likewife a Planet, 


The Earth’s 
motion on. — 


its Axis dee 
monitrated 


have fuch rotations. But being incapable of leav-_ 


ing the Earth, and viewing it at a diftance, and its 


rotation — 
~* Optics, B.1.§1178. ss  Aftronomy, B.1T./§ 838. 
{ Philofophy, Vol. I. p.401. || Account of Sir Haac 


Newton’s Philofophical Difcoveries, B. lil. c. 2. § 3. 
q Mathemat. Effays, p.1.  ** Elemenis d? Aftfonomie, § 381, 
tt The face of the Sun, Moon, or any Planet, as it appears 
ty the eye, is callgd its Difc, | : | 


E 4 


~ 
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‘rotation being fmooth and uniform, we can neither 

fee it move on its Axis as we do pia Planets, nor 

feel ourfelves affected by its motion. Yet there 

is one effect of fuch a motion, which will enable us 

to judge-with certainty whether the Karth revolves 

' on its Axisornot. All globes which do not turn 
_ reund-their Axes will be perfect {pheres, on, ac- 
count. of the equality of the weight of bodies on 
their furfaces; efpecially of the fluid parts. But 

all Globes which turn on their Axes will be oblate 
{pheroids*, that is, their furfaces will be-higher or 
farther from the center in the equatoreal than i 18} 

the polar Regions; for, as the equatoreal parts 
move quickeft, they will recede fartheft from the 
Axis of motion, and enlarge the equatorcal diame- 

ter. That our Earth is really of this figure, is 
demonftrable from the unequal. vibrations of a - 

’ pendulum, and the unequal lengths of degrees in 

, different latitudes... Since then ie Earth is higher 
at the Equator than at the Poles, the fea, which 
naturally runs downwards, or towards the places 
which are neareft the center, would run ‘towards 

the polar Regions, and leave the equatoreal parts 

dry, if the centrifugal force of thefe parts by 
which the waters were carried thither did not keep 

them from returning. The Earth’s equatoreal. 

| diameter i is 36 miles longer thanits Axis.t+ | 
a bodies °" 117. Bodies near the Poles are heavier than thofe 
the Poles. towards the Equator, becaufe they are nearer the 
than they _Earth’s center, where the whole force of the Earth’s 
theEquator. attraction is accumulated. They are alfo heavier, 
becaufe their centrifugal force is lefs, on account 
of their diurnal motion being flower. For both 
DEED EGU SEER PY! NAPE IN ee Pa  bhiate 


~ 


“A fpheroid i is afolid formed by the rotation of a femi- 
ellipfe about its tranfverfe or conjugate diameter. “Tn the firt 
cafe, it is called an oblong B Spher oid, and in the fecond an oblate 

Be Jpher oid. 


'. + From the comparifon of menfurations and auarattone 
taken at different parts of the Earth, particularly by French 
aftronomers and mathematicians, this diifer ence does not aps 
sian to Sigs fo great. ee, | 


a 


- 
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thefe reafons, bodies carried from the Poles towards © 
the Equator gradually lote of their weight... Ex- 
‘periments prove that a pendulum, which vibrates 
feconds near the Poles, vibrates lower near the 
Equator, which fhews, that it is lighter: or lefs 
attractive there. ‘To vith it ofcillate inthe fame 
time, it is found neceflary to diminifh its length, ° 


By comparing the diiferent lengths of pendulums 


yibrating feconds at the Equator and at London, 
it is Geasd that a pendulum mutt be 2-222. lines,*: 


TOCS 


fhorter at the Equator than at the Poles, A line 


_is a twelfth part of an inch. 


118. If the Earth turned round its Axis in 84 How they 
minutes 43 feconds, the centrifugal force would be T2700" 
equal to the power of gravity at the Equator; and weight. 

all bodies there would entirely lofe their weight. j 
If the Earth revolved. quicker, they would all. fly: 
es re leaveritah i ¢ : 

A perfon on the Earth can uo more be The Earth’s 
feutible of its undifturbed motion on its Axis, than Meas, Fe 
one in the cabin ofa {hip on fmeoth water canbe =” 
fenfible of the fhip’s motion when it turns gently 
and uniformly round. It is therefore no argument : 

again the Earth’s diurnal motion, that we do not 
ne it: nor is the apparent revolutions of the celef- 
‘tial bodies every day a proofof the reality of thele 
motions ; for whether we or they revolve, the ap= 
pearance is the very fame. A perfon looking 


Abrough the cabin windows of a fhip as firongly 


fancies the objects on land to go round when the 
{hip turns, as if they were aébually 1 in motion. 


120, If wecould tranflate pundeleet feomsP babies 
io Planet, we ihould ftill find that the Stars would ,_ 
appear of the fame magnitudes, and at the fame ; 
difiances from each other, as they do to us here: 
becaufe the width of the remotett Planet’s Orbit 
bears 


* Tn France, before the Reyvelution, the foot Wap divided © 
into twelve ate paris called Lines. Ld, % RI 
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bears no fenfible proportion to the diftance of ‘the 

To the af. Stars. But then, the Heayens would feem to re- 

ferent Pla- volve about very different Axes; and confequently, 

Have,  thofe quiefcent points, which are. our:Pdlesi.in 

appearto. the Heavens, would teem to revolve about other 

turn round 

en Gifferene POINtS, which, though apparently in motion as feen 

‘Axe. from the Earth, would be at reft as feen from any 

other Planet. Thus the Axis of Venus, which lies 
almoft at right Angles to the Axis of ‘the Earth, 

‘would have. its _motionlefs Poles in two oppofite 

points of the Heavens lying almo% in‘ our Equi- 

noctial, where the motion appears quickeft, becaufe 

* it is feemingly performed in the greatett Circle. 


And the very Poles, which are at reft to us, have 


the quickeft motion of-allyas feen from Venus; 


‘To Mars and Jupiter the Heavens appear to turn 
round with very different velocities on the fame 
Axis, whofe Poles are about 23% degrees from ours. 
Were we on Jupiter, we fhould be at firt amazed 
at the rapid motion of the Heavens; the Sun and 


Stars going round in g hours 56 minutes, Could - 


we go fram thence to Venus, we fhould be as much 
farprifed at the flownefs of the heavenly motions; 
the Sun going but once round in 584 hours, and 
the Stars in 540.* And could we go from Venus to 
the Moon, we fhould fee the Heayens turn reund 
with a yet flower motion; the Sun in 708 hours, 
the Stars in 655. As it is impoflible thefe vari- 
ous circumvolutions in fuch different times, and 
on fuch different Axés, can be real, fo it is unrea- 
fonable to fuppofe the Heavens to revolve: about 
our Earth more than it does about any other Planet. 
When we refleét on the vatt diftance of the fixed 
Stars, to which 164,000, 0co of miles, the. diameter 
of the Earth’s Orbit, is but.a point, we are filled 
with amazement at the immenfity of their ¢ liftance, 
But if we try to frame an idea of the extreme rapi- 
dity. 


* This is upow the fippofition that the rotati ion of Venus j 6 
performed 1 wn 45 terreltrial day Sieg Ed. € 
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. dity with which the Stars muft move, if they move 
round the Earth in 24 hours, the thought becomes 
fo much too big for our imacvination, that we can 
no more conceive it than we do infinity oreternity. 
If tire Sua was to go round the Earth in 24 hours, 
ho muft travel upw ard of 300,000 miles in a mi- 
nute: but the Stars being at leaft 400,000 times as 
far from. the Sun as the Sun: is from us, thofe 
about the Equator, mufi move 400,0c0 times'as 
quick. And all this to ferve no other purpofe than 
what can be as fullyand much more fimply obtained | 
_ by the Earth’s turning. rognd. eaftward, as-on an 
Axis, every 24 hours, caufing thereby an apparent 
diurnal motion of the Sun wefward d, and bringing 
about the alternate returns of day and night, 


121. As to the common objections againft the Objeétions 
againft the 

Farth’s motion on its Axis, they are all ‘eafily QN- Barth's die 
fwered and fet afide. “That it may turn without keg. 
being feen or felt by us to do fo, has been already fwered. 
fhewn, §. 119. But fome are apt toimagine that 
af the Earth turns caftward (as +t certainly does, if 
it turns at all) a ball fred per pendicularly upwards 
an the air muff fall confiderably weftward of the 
place it was projected from. The objeétion, which 
at firfl feems to have fome weight, will he found 
to have none at all, when we confider that the gun 
and ball partake of the Earth’s motion ;-and there- | 
fore the ball being carried forward with the air as 
quick as the earth. and air turn, mutt fall down on 
the fame place. A ftone let fall from the top of a 
main-maft, if it meets with no obftacle, falls on the 
deck as near the foot of the maft when the fhip fails 
as when it does not. If an inverted bottle, full of 
liquor, be hung up to the ceiling of the cabin, 
and a fmall hole be made in the cork to let the 
liquor drop through on the floor, the drops will 
fail juft as far forward on the floor when the fhip » 
fails as when it is at reft. And gnats‘or flies can as 
nat dance among one another ina moving cabin 


ag 
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as in a fixed chamber. As for thofe fcripture ex- 
preflions which feem to contradi¢t the Earth’s 


“motion, the following reply may be made to them 


all: It is plain from many inftances; that the 
Scriptures were never intended to infiruG us in 
Philofophy or Afironomy ; and therefore, on thofe 


fubjects, exprefiions are not always to be taken in 


the literal fenfe; but for the moft part as accom- 


modated to the common apprehenfions of mankind. - 


Men of fenfe in all ages, when not treating of the — 
iciences purpofely, have followed this method ; 
and it would be in vain to follow any other in ad- 
drefling ourfelves to the vulgar, or bulk of any 
community. Mofes calls the Moon A GREAT 
LUMINARY (as it isin the Hebrew) as well as — 
the Sun: but the Moon is known to be an opaque 
body, and the fmalleft that Afironomers have ob- 
ferved in the Heavens; and ihines upon us not by 
any inherent, light of its own, but by reflecting 
the light of the Sun.. Mo/es might know this, but 
had he told the //raelites fo, they would have ftared 
at him; and confidered him rather as a madman, 


than as a perfon commiffioned by the Almighty tg 


be their leader, 


TE AP) i , 


Lhe Phenomena of the Heavens us feen f) on bebe 
Parts of the Earth. — Ry, ight 


ae ci all fides by the power of its central 


attraction; which, laying hold of all bodies accord- 
ing to their denfities or quantities of matter, with- 
out regard to their bulks, conftitutes what we call 
their werght, And having the fky over our heads, 
go where we will, and our feet towards the center ~ 
of the Earth, we call it wp over our heads, and’ 


down under our feet: although the fame right line 


which is down to us, if continued through and be- 
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habitants 2, 2, ¢, m, s,0, q, J, ftand with their feet 


7. 


from different Parts of the Earth. | ee ti 


yond the oppofite fide of the Earth, would Be up to PLATEH, 
_ the inhabitants on the oppofite fide. For, the in- “a 


towards the Earth's center Cs ar have the fame 
ficure of tky N, J, E, M, S, O, 2, L, over their 
heads. Therefore, the point Sis as diredily upward 
to the inhabitant s on the South Pole,as N is to the 
inhabitant-2 on the North Pole: fo is E to the 
inhabitant ¢ fuppofed to be on the North end of — 
Perusand Qto the oppofite inhabitant gon the mid- 


dle ae the ifland Swmatra. Each of thefe obfervers- 


is furprifed that his oppofite or Antipode can fiand Astipodes 
with his head hanging downward. But let either 

go to the other, and he will tell him that he fiood 

as upright and firm on the place where he was, as 

he now ftands where he is. Yo all thefe obfervers - 


the Sun, Moon, and Stars, feem to turn round the 
Axis of the. 


points N and S, as the Poles of the fixed Axisworg 


NCS; becaufe the Earth dees really turn round 
the mathematical lize 2 C s as round an Axis, of 
which 2 is the North Pole, ands the South Pole. tts poles 
The inhabitant UV (Fig. U1.) affirms, that he ison 5, 1, 


the uppermoft fide of the Earth, and wonders how 


sas impoflible ase people to ftand on the under fide 


~ another at Z can ftand at the sonintdeytiats fide with | 


his head hanging downwards. But in the mean 
time forgets that in twelve hours time he will be 
carried half rownd withthe Earth, and then be 
in the very fituation that L now is, although’as far 
from him as before. And yet, when U comes there, 


“he will find no difference as to his-manner of ain 


ing; only he will fee the oppofite half of the Hea- — 
vens, and imagine the Heavens to have gonehalf 
round the Earth. | 


123. When we fee a Globe hung up. in a TOO, How oar 
we cannot help imagining it to have an upper oa ec 


an under fide, and immediately form a like idea < ae 
of the Earth; from whence we conclude, that it is “"** “** 


of 
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PLATE It. of the Earth, as for pebbles to lie on the under 


Fig. ke 


fide of acommon Globe, which inftantly fall down 
from it to the ground ; and well they may, becaufé 
the attraction of the Earth being greater than the 
attraction of the Globe, pulls them away. Juft fo . 
would be the cafe with our Earth, if it were placed 
near a Globe much bigger than itfelf, fuch: as 
Jupiter: for then it would really have an upper 
and an under fide with refpect to that large Globe; 
which, by its Attraction, would pull away every 
thing from the fide of the Earth next to it; and 
only thofe on its furface at the oppofite fide 
could remain upon it. But there is no larger Globe 
near enough our Earth to overcome its central 
attraction ;. and therefore it has no fuch thing as an — 
upper and an under fide; for all bodies on or near 
its furface, even to the Moon, gravitate towards 
its center. te DOBLE 

124. Let any man imagine that the Earth and 
every thing but himfel! is taken away, and he left © 
alone in the midtt of indcfinite fpace; he could 
then have no idea of zp or down; and were his 
pockets full of gold, he might take the picces one 
by one, and throw them away on all fides of him; 
without any danger of lofing them; for the at- 


‘ traGion of his body would brig them all back by 


the ways they went, and he would be down to every 
one of them. But then, if a Sun or any other’ 
large body were created, and placed in any part of 
Space feveral miilions of miles from him, he would 
be attraéted towards it, and’ecould not fave himfelf 
from falling down to it. ) 


125. The Earth’s bulk is but a point, as that at 
C, compared to the Heavens ; and thereforeevery — 
inhabitant upon it, let him be where’he will, as at 
m, e, m, s, &e. fees halfof the Heavens. The in= 
habitant 7, on the North Pole of the Earth, cons 
fiantly fees the Hemifphere E N 2; and having 

| 13 4 the . 
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the North Pole WN of the Heavens juft over his 

head, his Horizon* coincides with the Celeftial 
Equator EC 2&2. Therefore all the Stars m. the. 
Northern Hemifphere £ N 2, between the Equa- 

tor and North Pole, appear to turn round talline 

N.C, moving parallel to the Horizon. “The Equa» pair o¢ the 
toreal Stars keep in the Horizon, and all thofe in Heavensvi- 
the Southern Hemifphere # S 2 are invilible. The te 
like Phenomena are feen by the obfervers on theo» any part 
South Pole, with refpeét to the Nemitphere L S.25 eas a 
and to. lim the oppofite Wemifphere is always 
invifible. Hence, under either Pole, enly one 

half of the Heavens is feen: for thofe parts which 

are once vifible never fet, and thofe which are once 
mvifible never rife.. But the Ecliptic ¥ CX, or 

Orbit which the Sun: appears to deferibe once a 

year by the Earth’s annnal motion, has the half F @ 
conftantly above the Horizon & C 2 of the North 

Pole x; and the other half € A always below it. 
Therefore while the Sun. defcribes the ROPthert py nomena 
half Y C of the Ecliptic, he neither fets to the North atthe Poles. 
Pole, nor rifes to the South; and while he defcribes 

the fouthern half. C_X, be neither fets ta the South 

Pole, nor rifes tothe North. The fame things are 

true with refpect tothe Moon; only with this dif? 
ference, that as the Sun deferibes the Ecliptic but 

ence a year, he is for half that time vifible to each 

Pole inits turn, and as long invifible; but as the 

Moon goes round the Ecliptici i 27 days 8 & hours, 

fheis only vifible for 12 days 1o‘hours, andias long 
invifible to each Pole by. turns. All: the Planets 
likewife rife and fet to the Poles, becaufe their 

Orbits are cut obliquely in halves by tue Horizon 

ef the Poles. When the Sun (in hisapparent'way 
from X) arrives at C, which is. on the 2oth of 

- March, he is juli rifing to an.obferver at 2 on the 

North Pole,and fetting to another at son, the South: 


* The utinoft limit of a perfon’ s view, where the. fey pune 
to touch the Jarth all around, is called his Horizon 5 which 
faifts: asa perfon changes his place... 


. oe | Pole, 
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FLATEI. Pole, From C he rifes higher and higher in every 
apparent Diurnal revolution, till he comes to the 
higheft point of the Ecliptic y, on the 21ft of Fune, 
and then he is at his greateft altitude, which is 
23% degrees, or the Arc E y, equal to his greateft 
north declination; and from thence he feems to 
defcend gradually in every apparent Circumvolu- 
tion, till he fets at C on the 29d of September; and 
' then he goes to exhibit the like appearances at the 
South Pole for the other half of the year. Hence 
the 5un’s apparent motion round the Earth is not 
in parallel Circles, but in Spirals; fuch as micht 
be reprefented by a thread wound round a Globe 
from Tropic to Tropic; the Spirals being at fome 
diftance from one another about the Equator, and 
_ gradually nearer to each other as they approach 
towards the Tropics. NERY 1, 
Phenomena 126; If the obferver be any where on the Ter- 
attheEqua- reftrial Equator eC g, as fuppofe at ¢, he is in the 
or. ° : Reet 
plane of the Celeftial Equator; or under the Equi- 
noctial FE CQ; and the Axis of the Earth 2 C's is 
ig. I: coincident with the plane of his Horizon, extended 
out to N and S, the North and South Poles of the 
Heavens. As the Earth turns round the line NCS, » 
the whole Heavens MO L/ feem to turn round the 
. fameline, but the contrary way. It is plain that 
' this obferver has the Celefiial Poles conftantly in 
his Horizon, and that his Horizon euts the Diurnal 
paths of all the Celeftial bodies perpendicularly, 
and in halves. Therefore the Sun, Planets, and 
Stars, rife every day, and afcend perpendicularly 
above the Horizon for fix hours, and, pafling over 
the Meridian, defcend in the fame manner for the 
fix following hours; then fet in the Horizon, and 
continue twelve hours below it. Confequently at 
the Equator the.days and nights are equally. long 
throughout the year. When the obferveris in the 
fituation e, he fees the Hemifphere S E N;. but in. 
twelve hours after, he is carried half round the 
Earth’s Axis to g, and then the Hemifphere SQN 
Ra . . becomes’ 


_ from different Parts of the Earth. 


becomes vifible to him; and SEN difappears, 
Thus we find, that to an obferver at either of the 


Poles one half of the Sky is always.vifible, and the 
other half never feen; but to an obferver on the. 


Equator the whole Sky is feen every 24 hours.. 

Fhe Figure here referred to, reprefents a Celef- 
tial Globe of glafs, having a Terreftrial Globe 
within it: after the manner of the Glafs Sphere in- 
vented by my generous friend Dr, Lone, Lowndes’s 
Profeffor of Aftronomy in Cambridge. 


127. Ifa Globe be held fidewife to the eye, at 
fome diftance, and fo that neither of its Poles can 
be feen, the Equator E C2, and all Circles parallel 
toit,as DL, yxx,ab X,MO, &c. will appear to be 


Remark. 


firaight lines, as projected in this Figure; which is: 


requifite’to be mentioned here, becaufe we thall 
have occafion to call them Circles in the following 
Articles of this Chapter *. SVAs 

128. Let us now fuppofe that the obferver has 
gone from the Equator e towards the North Pole n, 
and that he ftops at 7, from which place he then 
fees the Hemifphere MEINL ; his Horizon MCL 
having fhifted as many Degrees + from the Celef- 
tial Poles N and S, as he has travelled from under 
the Equinoctial EF, And asthe Heavens feem con- 


{tantly to turn round the line NCS as an Axis, all. 


thofe Stars which are not fo many degrees from 
the North Pole N as the obferver is from the Equi- 
nottial, namely, the Stars north of the dotted pa- 
_ rallel D L, never fet below the Horizon ; and thofe 
which are fouth of the dotted parallel MO never 


Phenomena 
between 
the Equator 
and Poles. 


rife above it. Hence the former of thefe two pa- — 


rallel Circles is called the Circle of perpetual Appa- 
rition, and the latter the Circle of perpetual Occul- 
tation: but all the Stars between thefe two Circles 


* The Plane of a Circle, or a thin circular Plate, being 
' turned edgewife to the eye, appears to be a ftraight line. 
+ A Degree is the 360th part of a Circle. 


F : | —Tife 


The Circles 
ofperpetual 
Apparition 
and Occul- 
tation. 
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_ PLatemt. rifeand fet every day. Let us imagine many Cire 
cles to be drawn between thefe two, and parallel 
to them; thofe which are on the north fide of the 
Equinoétial will be unequally cut by the Horizon 
MCL, having larger portions: above the Horizon 
than below iis and the more fo, as they are nearer 

_, to the Circle of perpetual ‘Apparition ; but the re- 
verfe happens to thofe on the fouth fide of the — 
Equinottial, while the Equinoétial is divided in 
two equal parts by the Horizon. Wence, by the 
apparent turning of the Heavens, the northern 
Stars defcribe greater Arcs or Portions of Circles 

‘above the Horizon than below it; and the greater, 
as they are farther from the Equinodtial towards 
the Circle of perpetual Apparition ; while the con- 
trary happens to all Stars fouth of the Equinoctial ; 
but thofe upon it defcribe equal Ares both above 

. and below the Horizon, and therefore ee are juft 
as long above as below it. 

129. An obferver on the Equator has no Circle 
of perpetual Apparition or Occultation, becaufe all 
the Stars, together with the San and Moon, rife 
and fet to him every day. But, as a bare view of 

‘the Frgure is fufficient to thew that thefe two Cir- 
cles DL and M O are jul as far from the Poles N 
and Sas the obferver at 7 (or one oppotite to him 
at o) isfrom the Equator E C Q; it is plain, that if 
an obferver begins to travel from the Equator to- 
wards either Pole, his Circle of perpetual Appa- 
rition rifes from that Pole as from a Point, and his 
Circle of perpetual Occultation from the other. 
As the obferver advances towards the nearer Pole, 

 thefe two Circles enlarge their diameters,and come 
nearer one another, until he comes to the Pole; 
~ and then they meet and coincide in the Equinoétial. 

* On different fides of the Equator, to obfervers at 
equal difiances from it, the Circle of perpetual 
Apparition to one is the Circle of perpetual wey 
cultation to the other. 


‘130. Becaufe 


= 


* 


from different Barts of the Earth. 


130. Becaufe the Stars nevervary their diftances 


from the Equinottial, fo as to be. fenfible in an 


age, the lengths of their diurnal and noéturnal 
Arcs are always the fame to the fame places on the 
Earth. But asthe Earth goes round the Sun every 
year in the Ecliptic, one half of which is on the 
north fide of the Equinoétial, and the other half on 
its fouth fide, the Sun appears to change his place 
every day, fo as to go once round the Circle Y CX 
every year, § 114. Therefore while the Sun ap- 
pears to advance northward, from having defcribed 
the parallel a b_X touching the Ecliptic in X, the 
days continually lengthen and the nights ihorten, 
until-he comes to y and defcribes the parallel y zx, 
when the days are at the longeft and the nights.at 


_ the dhorteft: for then, as the Sun goes no farther 


northward, the greateft portion that is poffible of 


the diurnal Arc y z is above the Horizon of the 
Inhabitant 7; and the fmallefi portion z x below it. 
As the Sun declines fouthward from y, he deferibes- 
{aller diurnal and greater noéturnal Arcs, or Por- 


tions of Circles, every day ; which caufes the days 
to'fhorten and nights to lengthen, until he arrives 


again at the parallel ab X; which having only the 


fmall part a 6 above the Horizon MCL, and the 
great part 6 X below it, the days are at the thortett 
and the nights at thelongeft: becaufe the Sun re- 
cedes no farther fouth, but returns northward as 
before. It is eafy to fee that the Sun muft be in 


the days and nights are equally long ; that is,-12 
hours each. Thefe hints ferve at prefent to give 
4n idea of fome of the Appearances refulting from 
the motions of the Earth: which will be more 


particularly defcribed in the tenth Chapter. 


Why the 
Stars always . 
defcribe the 
fame paral- 
*Lof mo- 
tion, and 
the Suna 
different. 


the Equinoétial E C 2 twice every year, and then’ 


131. To an obferver at either Pole, the Horizon Fis- I 


and Equinoétial are coincident ; and the Sun and 


Stars feem to move parallel to the Horizon: there- 


arallel, 


Oblique, 
and Right 
Sphere, 


fore fuch an obferver is faid to have a parallel po- what. 
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fition of the Sphere. To an obferver any where 
between either Pole.and Equator, the Parallels de- 
{cribed by the Sun and. Stars are cut obliquely by 
the Horizon, and therefore he is faid to have an 
oblique pofition of the Sphere. To an obferver 
any where on the Equator, the Parallels of Motion, 
defcribed by the Sun and Stars, are cut perpendi- 
cularly, or at Right Angles, by.the Horizon; and 
therefore he is faid to have a right pofition of the — 
Sphere. And thefe three are all the different ways 
that the Sphere can be pofited to all people on the 
Farth. : 


GAB Ba 


The Phenomena of the Heavens as feen from different 
| Parts of the Solar Syftem. 


132. S° vattly great is the diflance of the ftarry 


Heavens, that if viewed from any part of 
the Solar Syftem, or even many millions of miles 
beyond it, the appearance would be the very fame 


- tous. The Sun and Stars would all feem to be 


fixed on one concave furface, of which the fpecta- 
tar’s eye would be the center. But the Planets, 
being much nearer than the Stars, their appearances 


. will vary confiderably with the Place from which 


they are viewed. i 

133. If the fpeciator is at reft without their 
Orbits, the Planets will feem to be at the fame dif- 
tanee as the Stars; but continually changing their — 


places with refpect to the Stars, and to one an-— 


other: affuming various phafes of increafe and de- 


creafe like the Moon; and, notwithftanding their 


regular motions about the Sun, will fometimes | 
appear to move quicker, fometimes flower, be as. 
often to the weft as to the eaft of the Sun; and at — 
their greateft diftances feem quite ftationary. The — 
duration, extent, and diftance, of thofe points in — 

eee hte : the 


from different Parts of the Solar Suftem. 


the Heavens where thefe digreffions begin and end, > 


would be more or lefs, according to the refpec- 
» tive diftances of the feveral Planets from the Sun: 
but in the fame Planet they would continue inva~ 
viably the fame at all times; like pendulums of 


unequal lengths ofcillating together, the fhorter. 


move quick and go over a {mall fpace, the longer 
move flow and go over a large fpace. If the ob- 
derver is at reft within the ‘Orbits of the Planets 
but not near the common center, their apparent 
motions will be irregular, but lefs fo than in the 
former cafe. Each of the feveral Planets will ap- 
pear bigger and lefs by turns, as they approach 
nearer to or recede farther from the obferver; the 
neareft varying moft in their fize. They will alfo 
move quicker or flower with regard to the fixed 
Stars, but will never be retrograde or ftationary. 
134. If an obferver in motion views the Hea- 
vens, the fame apparent irregularities will be ob- 
ferved, but with fome variation refulting from his 
own motion. If he is ona Planet which has a 
rotation on its Axis, not being fenfible of his own 
‘motion, he will imagine the whole Heavens, Sun, 


Planets, and Stars, to revolve about him in, the | 


_ fame time that his Planet turns round, but the con- 
trary way; and will net be eafily convinced of the 
deception. If his Planet moves round the Sun, 
the fame irregularities and afpects as above men- 
_ tioned will appear in the metions of the other Pla- 
nets; and the Sun will feem to move among the 
fixed Stars or Signs, in an oppofite direction to that 
which his Planet moves in, changing its place every 
day ashe does. In a word, whether our obferver 
be in metion or at reft, whether within or without 
the Orbits of the Planets, their motions will feem 


irregular, intricate, and perplexed, unlefs he is in © 


the center of the Syftem; and from thence, the 
moft beantiful order and harmony will be feen by 
hum. baon's heh aint ahh 


F 3 ge 135. The» 
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The Sun’s 
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135. TheSun being’the center of all the Planets’. 
Motions; the only place, therefore, from which 
their . motions could be truly feen, as the Sun’s 
center; where the obferver being fuppofed not ta 
turn round with the Sun (which, in this cafe, we 
muft imagine to be a tranfparent body) would fee 
all the Stars at reft_ and feemingly equidiftant from 
him, ‘Yo fuch an obferver, the Planets would ap- 
pear to move among the fixed Stars, ina fimple, 


regular, and uniform manner; only, that as in 


equal times they defcribe equal Areas, they would 
defcribe fpaces fomewhat unequal, becanfe they 


-move im elliptic Orbits, § 155. Their motions 


‘crofs at {mall Angles in different parts of the Heas 


would alfo appear to be what they arein fact, the 
fame way round the’ Heavens : in paths which 


vens, and then lepar ate a little from one another, 
§ 20. So that, if the Solar Aftronomer fhould 
make the Path or Orbit of any Planet, a ftandard, 
and confider it as haying no obliquity, § 201, he 
would judge the paths of all the reft to be inclined 
to it; each Planet having one half of its path on 


_one fide, and the other half on the oppofite fide 


of the fiandard Path or Orbit. And if he fhould 


ever fee all the Planets ftart from a conjunction 
with each other*, Mercury would move fo much 
fafter than Venus, as to overtake her again {though 


not in the fame point of the Heavens) in a quan- © 


tity of time almoft equal to 145 of our days and 


nights, or, as we commonly call them, Natural — 


Days, which include both the days and nights: 


Venus would move fo much fafter than the Earth, . 


as to overtake it again in 585 natural days: the. 
Earth fo much fatter than Mars, as to overtake 


4 : 


* Here we do not mean fach.a conjundion, as that ‘the . 


nearer Planet fhould bide all the reft from the oblerver’s fight; 


(for that would be impoflible, unlefs the interfeGtions of all 


their Orbits where coincident, which they are not. See §'21.) 
but when they were alli in a line ren iat the ftandard Orbit 


hing 


att Bight Angles, 


* 
en | ee 


‘ 


from different Parts of the Solar Syfem. ee 


hhim.again in 778 fuch days: Mars fo much fafter 
than Jupiter, as to overtake him again in 817 
fuch days: and Jupiter fo much fafter than Saturn, 
as to overtake him again in 7236 Days: all of. 
our time. 

136. But as cur folar Aftronomer sae hare. NO The judge 
idea of meafuring the courfes of the Planets by our 22 etn 

i 

* days, he would probal ly take the period of Mer- nomer 
cury, which is the quickeft moving Planet, for @ pstiy make 
meafure to compare the periods of the others by, concerning 
As all the Stars would appear quiefcent to him, he thedittances ; 
would never think that they had any dependence ¢ oe ne 
upon the Sun; but would naturally: i imagine that’” 
the Planets have, becaufe they move round the 
Sun. And it is by no means improbable, that he 
would conclude thefe Planets, whofe periods are 
quickeft, te. move in Orbits proportionably lefs 
than thofe do which make flower circuits. But 
being deftitute of a method for finding their Paral- 
laxes, or, more properly {fpeaking, asthey could have 
no Parallax to him, he could never know any thing’ 
of their real diftances or magnitudes. Their rela- 
tive-diftances he might perhaps guefs at by their 
periods, and from thence infer femething of truth 
concerning their relative bulks, by comparing their 
apparent bulks with one another. For example, 
Jupiter appearing bigger to him than Mars, he 
would conclude it to be much bigger in fact, be- 
caufe it appears fo, and muft be farther from him, 
on account of its longer period. Mercury and 
the Earth wonld teem much of the fame bulk; but . 
by comparing its period with the Earth’s, he would 
conclude that the Earth is much farther from him 
than Mercury, and confequently-that it muft be 
really bigger, though apparently of the fame bulk; 
and fo of. the refi. And as each Planet would 
appear fomewhat bigger in one part.of its Orbit — 
than in the oppofite, and to move quickeft when it 
feems Pipes the obferver would be at no lo{s to 


Pe - conclude 


Pad 
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_ conclude that all the Planets move in Orbits, of 
which the Sun is not precifely in the center. 


nue Piane- 137. The apparent. magnitudes‘of the Planets 
Hs at continually change as feen from the Earth, which 
regular @ demonftrates that they approach nearer to it, and 
‘the Earth. recede farther from it by turns. From thefe Phe- 
nomena, and their apparent motions among the 

Stars, they feem to defcribe looped curves which 

never return into themfelves, Venus’s path ex- 


cepted. And if we were to trace out all their ap- 


parent paths, and put the figures of them together - 
in one diagram, they would appear fo anomalous 


and confufed, that no man in his fenfes could be- 


lieve them to be reprefentations of their real paths; — 


but would immediately conclude, that fuch appa- 
rent irregularities muft be owing to fome Optic 
illufions. And after a good deal of enquiry, he 
might perhaps be at a lofs to find out the true caufe 
of thefe irregularities ; efpecially if he were one of 
thofe who would rather, with the greateft juftice, 
charge frail man with ignorance, than the Almighty 


with being the author of fuch confufion. 
Thofe of 
Mercury idaes 
and Venus has given us figures of the apparent paths of all the 


reprefented Planets, feparately from Casstn1; and on feeing 
them I firft thought of attempting to trace fome of 

‘them by a machine* that fhews the motions of the 

‘Sun, Mercury, and Venus, the Earth, and Moon, 

_ according to the Copernican Syfiem. Having taken 

off the Sun, Mercury, Venus, I put black-lead 

pencils in their places, with the points turned up- 


ward ; and fixed a circular fheet of pafteboard fo, | 


that the Earth kept conftantly under its center in 
_ going round the Sun; and the pafieboard kept its 
. parallelifm. Then, preffing gently with one hand 


138. Dr. Long, in his firft volume of Aftronomy, | 


upon the pafteboard to make it touch the three 


‘pencils, with the other hand I turned the winch 


* The Onreny fronting the Title-Page. 4 
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that moves the whole machinery : and as the Earth ; gt bans 


together with the pencils in the places of Mercury 
and Venus, had ther proper mottons round the 
Sun’s pencil, which kept at. reft in the center of 
the machine, all the three pencils defcribed a dia- 
gram, from which the firft Figure of the third Plate 
is truly copied in a fmaller fize. “As the Earth 
moved round the Sun, the Sun’s pencil defcribed 
the dotted Circle of Months, while Mercury’s pen- 


cil drew the curve with the greateft number of © 


loops, and Venus’s that with the feweft. In their 
Inferior conjunctions they come as much nearer 
the Earth, or within the Circle of the Sun’s appa- 


rent motion round the Heavens, as they go beyond — 


it in their fuperior conjunétions. On each fide of 
the loops they appear ftationary: in that part of 
each loop next the Earth retrograde; wnd in all 
the reft of their paths direét, ~ , 


If Cafini’s Figures of the paths of the Sun, Mer-’ 


cury, and Venus, were put together, the Figure as 
above traced out would be exactly like them. It 
reprefents the Sun’s apparent motion round the 
_Ecliptic, which is the fame every year; Mercu ry’s 


motion for feven years; and Venus’s for eight ; in - 


which time Mercury’s path makes 23 loops, crofling 
itfelf fo many times, and Venus’s only five. In eight 
years Venus falls fo nearly into the fame apparent 
path again, as to deviate very little from it in fome 
ages ; but in what number of years Mercury and 


the reft of the Planets would deferibe the fame 


vifible paths over again, I cannot at prefent deter- 
mine, Having finifhed the above Figure of the 
paths of Mercury and Veuus, I put thé Ecliptic 


round them asin the Doétor’s Book; and added — 


the dotted lines from the Earth to the Ecliptic for 
fhewing Mercury’s apparent or geocentric motion 
therein for one year; in which time his path makes 


three loops, aud goes on a little farther; which. 


thews that he has three inferior, and as many 
_ faperior conjunctions with the Sun in that time ; 


and 
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The apparent Paths of Mercuryard Venus. 


and alfo that he is fix times fiationary, and thrice 

retrograde. Let as now trace his motion for one 

year in the Figure. ie gael 
.Suppofe Mercury to be fetting out from 4 to- 


wards B (between the Earth.and left-hand corner 


of the Plate) and as feen from the Earth, his motion 
will then be direét, cr according to the order of 
the Signs. But when he comes to B, he appears 
to ftand fhil m the 29d degree of m at: F. as fhewn 
by the line BF. While he goes from Bto C, the 
line BF, fappofed to move with him, goes back- 
ward from, F' to £, or contrary to the order of 
Signs; and-when he is at C, be appears ftationary 
at £; having gone back 112 degrees. Now, fuppofe — 
him fiationary on the firft of Fanwary at C, on the 
roth of that month he will appear in the Heavens 
as at 20, wear #’; on the zoth he will be feen as at 
G; onthe 31ftat 27; oa the roth of February at I; 
on the 2othat A; and on the 28th at L; as the 


dotted lines fhew, which are drawn through ever 
bs : o 


tenth day’s motion in bis looped path, and cone 
tinued to the Ecliptic.’ On the roth of March he 
appears at JZ; on the 20th at N; and onthe grft 
at O. On the roth of April he appears fiationary 
at P; on the zoth he feems to have gone back: 
again to O ; and on the 30th he appears fiationary 
at 2, having gone back 112 degrees, Thus Mer- 
cury feems to go forward 4 Signs 11 Degrees, or 
131 Degrees; and to go back only 11 or i2 De- 
grees, ata meanrate, Froin the 30th of Aprilto 
the roth of May, he feems to move from 2 to R; 
and on the 2oth he is feen at S} going forward in 
the fame manner again, according to the order 
of letters; and backward when- ihey go back; 
which. it is needlefs to explain any farther, as the 
reader can trace him out fo eafily, through the ref 
ofthe year. The fame appearances happen in Ve- 
nus’s motion; but as fhe moves flower than Mer- 
cury, there are longer intervals of time between 
them. Re 
7 hae oe Having 
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Having already, § 120, given fome account of 
the apparent diurnal Hotta of the Heavens as 
feen from the different Planets, we {hall not trou- 
ple the reader any more with that fubject. - 


CHAP. VI. 


The Ptolemean Sy/iem ebfuied: The Matiotes She 
- Phafes of Mercury and Venus explained. 


130. Be a Tychonic Suftem, § 9075. being fuffi- 


73 


ciently refuted by the 1ogth Article, 


we fhall fay nothing more about it. 

t4o. The Ptolemean Syfiem, § 96, which afferts 
the Earth to be at reft in the Center of the Uni- 
verfe, and all the Planets with the Sun and Stars 
to move round it, is evidently falfe and abfurd. 
For af: this hypothefis were true, Mercury and 
Venus could never be hid behind the Sun, as their 
Orbits are included within the Sun’s: and again,’ 
thefe two Planets would always move direct, and 
_ be as often in Oppofition to the Sun as in Falke 
junction with him. But the contrary of. all this 
is true; for they arejuft as often behind the Sun 
as before him, appear as often to move backward 
as forward, and are fo far from being feen at any 
time in the fide of the Heavens oppofite to the 
Sun, that they were never feen a quarter of acircle . 
in the Heavens diftant from him, 

141. Thefe two Planets, when viewed at differ- 
ent times with a good telefcope, appear in all the 
yarious fhapes of the Moon; which is a plain proof 
that they are enlightened by the Sun, and fhine 
not.by any heht of their own: for if they did, ° 
they would conftantly appear round as the Sun 
doés;‘and could never be feen like dark {pots upon 
ine Sun when they pafs direétly between him and 

Their regular Phafes demonftrate them to be. 
Sparel bodies; as may be {hewn by the following 


¢speriment: 
: Hang 


Appear. 
ances of 
Mercury 
and Venus, 


7 
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Ral sae Hang an ivory ball by a thread, and let any per- 
cy oie fon move it round the flame of a candle, at two or 

round. three yards diftance from your eye; when the ball 
is beyond the candle, fo as to be almoft hid by the 
flame, its enlightened fide will be towards you, and 
appear round like the Full Moon: When the ball 
is between you and the candle, its enlightened fide 
will difappear, as the Moon does at the Change: 
When it is half-way between thefe two pofitions, 
it will appear half illuminated, like the Moon in 
her Quarters: But in every other place between 
_thefe pofitions, it will appear more or lefs horned; 
or gibbous. If this experiment be made with a 
‘flat circular plate, you may make it appear fully 
‘enlightened, or not enlighted,at all; but can never 

make it feem either horned or gibbous. 


Experiment. 142. If you remove about fix or feven yards 
to reprelenk From he candle, and place yourfelf fo that its 
e motions : i 
of Mercury flame may be juft about the height of your eye, 
and Venus and then defire the other perfon to move the ball 
flowly round the candle as before, keeping it as 
“nearly of an equal height with the flame as he pofli- 
bly can, the ball will appear to you not to move 
in a circle, but te vibrate backward and forward 
like a pendulum, moving quickeft when it is di- 
reCtly between you and the candle, and when di- . 
_yeétly beyond it; and gradually flower as it goes” 
farther to the right or left fide of the flame, until 
it appears at the greateft diftance from the flame; 
and then; although it continues to move with the 
Aame velocity, it will feem to ftand fill for a mo- 
ment. In every Revolution it will fhew all the 
above Phafes, 4.141; and if two balls, a fmaller 
and a greater, be moved in this manner round the 
candle, the fmaller ball being kept neareft the 
flame, and carried round almoft three times as 
often as the greater, you will have a tolerable good 
reprefentation of the apparent Motions of Mercury. 
and Venus; efpecially ifthe greater ball deferibes 
ee a circle 
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a circle almoft twice as large in diameter as the PLATEIE,. 
circle defcribed by the lefs. 
143. Let d BC DE bea part or fegment of the Fis. mm. 

vifible Heavens, in which the Sun, Moon, Planets, 

and Stars, appear to moveat the fame diftance from 

the Earth E. For there are certain limits, beyond 
whichthe eye cannot judge of different diftances ; 

as is plain from the Moon’s appearing: to be as 


. » far from us as the Sun .and Stars are. Let the 


circle fg hiklmno be the Orbit in which Mercury m 
moves round the Sun ‘S, according to the order - 
of the letters. When Mercury is at f, he difap- 
pears to the Earth at. E, becaufe his enlightened 
fide is turned from its uhlefs he be then in one of 
his Nodes, § 20, 253; in which cafe he will appear The Elon- 
like a dark {pot upon the Sun. When he is.at g cones tar 
in his Orbit, he appears at B in the Heavens, weft- of Mercury 
ward of the Sun S, which is feen at C: whenat h, fo" * 
he appears at 4, at his greateft weftern elon gation — 
or angular diftance from the Sun; and then feems 
to ftand. ftill. But, as he moves from h to 7, he 
appears to go from 4 to B; and feems to be in: 
the fame place when at 7, as when he was at g 
_ but not near fo big: at & bed is hid from the Earth 
E by the Sun §; ‘being then in his fuperior Con- 
junction.. In going from & to /, he appears to 
move from.C to D; and when he is at‘z, he ap- 
’ pears fiationary at 2; being feen as far eaft from* 
the Sun then, as he was weft from it at 4. In 
going from nto o in his Orbit, he feems to go 
back again in the Heavens, from” E.to D; and © 
is feen in the fame place (with refpeét to the Sun) 
ato, as when he was atl; but of a larger dia-. 
meter at 0, becaufe he is then nearer the Earth E: 
and when he comes to f, he again pafles by the 
Sun, and difappears as before. In going from # 
to h in his Orbit, he feems to go backward in the 
Heavens from E to 4; and in going from A to 2, 
he feems to go forward from 4 to E, as he goes 
on from A, a little of his enlightened fide at g is 

feen, 
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PLATE. feen from E; at h he appears half full, becaufé 
half of his enlightened fide is feen; at.2, gibbous; 
or more than half full; and at & he woald appear 
‘quite full, were he not hid from the Earth E by 
the Sun S| At / he appears gibbous again: at 7 
half decreafed, at o horned, and at f new like 
the Moon at her Change. He goes fooner from 
his eaftern flation at #, to his weftern flation at hj 
than from h tom again; beeaufe he goes through 
lefs than half his Orbit in the former cafe; and 

. more in the latter. BC OY : : 
, ig. tr. 144. Inthefame Figure, let FGHI KL MN be 
the Orbit in which Venus v, goes round the Sun 
S, according to the order of the letters: and: let 
TheElon- EK’ be the Earth, as before. When Venus is at F, 
gations and pies a © : é + a fe 4% 
Phates of fhe is in her inferior Conjunétion; and difappears 
Venus. like the New Moon, becaufe her dark fide is to- 
: wardsthe Earth. At G,{heappears half-enlightened 
to the Earth, like the Moon in her firft quarter: 
at Hf, the appears gibbous; at J,*almoft full: her 
enlightened fide bémg then nearly towards the 
Farth; at K the would appear quite full to the 
Earth £; but is bid from it by the Sun S'; at Z, 
fhe appears upon the decreafe, cr gibbous; at M,: 
more fo; at N, only half enlightened; and at F, 
fhe again difappears. -In moving from N to G, 
presse the feems to go backward in the Heavens; and 
of Mercury from G to N, forwards but as fhe deferibes a 
ane Venus. much greater portion of her Orbit in going from. 
G to N, than from N to G, fhe appears much 
longer direct than retrograde in her motion. At N 
and G the appears ftationary; as Mercury does at 
zandh. Mercury, when ftationary, feems to be 
only 28 degrees from the Sun; and the Elongation 
of Vehus when in that pofition is 47 degrees; this, 
therefore, is an evident proof, that the Orbit of 
Mercury is contained within that of Venus; and 
re the Orbit of Venus is within the Earth’s 
rbit. ; | oF SUERTE 


145. Venus, 
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145.. Venus, from her ci aha Conjunétion at 

XK to her inferior ie at, is feen on the - 

eaft fide of the Sun § from the Earth E; and there- 

’ fore {he {hines in the Evening after the San fets, 

and is called the Evening Riise : for, the Sun being Morning 
. then to the weftward of Venus, he mutt fet tint. foes 
From her inferior Conjunction to her fuperior, the 
appears on the weft fide of the Sun; and therefore 
rifes before him, for which reafon fhe 1s called the 
Morning Siar. Whem {he is about NV or G, the 
 fhines fo bright, that bodies calt thadows in the 
night-time. * 
146. If the Earth kept always at E; it 1s evi- 
dent. that the ftationary places of Mercury and. 
Venus would always be in the fame points of the 
Heavens where they’were before. For example: 
whilft Mercury m goes from hk to 2, according to 
the order of the letters, he appears to defcribe the | | 
arc d BC DE in-the Heavens, direét: and while Theftation. 
he goes from n toi, he feems to deferibe the fame 377? 
are back again, from £ to 4, siete ade; always’ Fnets 
at x and h he appears ftationary at the fame pont, 778 
Eand A as before. Bat Mercury goes round his: 
Orbit, from fto-fagain, in 88 days; and yet there 
are 116 daysfrom any one of his Conjunctions, or 
appareng Stations, to the fame again: and the 
places of thefe Conjunctions and Stations are found 
to be about 114 rile eaftward from the points 
of the Heavens where tl iey were laft before; which 
_ proves that the Earth has not kept all that. time at 
EE, but has had a progreflive motion in its Orbit 
from E to ¢.. Venus alfo differs every time in the 
places of her Con} unctions and Stations; but much 
more than:Mercury; becaufe, as Venus deicribes 
amuch larger Prbit than Mercury does, the Earth 


. _ 


e 


* In the Philofophical Tranfactions, N° 940, is an - invetti- 
age of the time when Yenus will be in this pofition, by 
r. Halley: This has beep tranfcribed by late writers upog 
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PLATE. advances fo much the farther in its annual path 
- before Venus comes round again. 
Thetlon. . 147. As Mercury and Venus, feen fr om the 
gationsof Earth, have their refpective Elongatioas from the 
all Saturn's Sun, and ftationary places; fo has the Earth, feen 
Planets as from Mars; and Mars, feen from Jupiter; and — 
Oe rn vack upiter, feen from Saturn: that i is, to every fupe- 
ie rior Planet, all the inferior ones have their Stations 
and Elongations; as Venus and Mercury have to 
the Earth. As feen from Saturn, Mercury never 
-goes more than 22 degrees from the Sun; Venus 
44; the Earth6; Mars93; and Jupiter 332; fo 
that Mercury, as feen from the Earth, has almoft 
as great a Digreffion or Elongation from the Sun, 
as Jupiter feen from Saturn. 
Aproot of | 148. Becaufe the Earth’s Orbit is aciiien with- 
the Earth’s in the Orbits of Mars, Jupiter, and Saturn, they 
tt. are. feen on all fides of the Heavens: and are as 
often in Oppofition to the Sun as in Conjunétion 
with him. If the Earth ftood ftill, they would 
_ always appear direét in their motions; never retro- 
grade nor ftationary. But they feem to go juft as 
. often backward as forward; which, if gravity be 
allowed to exift, affords a fufficient proof: of the 
Earth’s annual motion: and without its exiftence, 
the Planets could never fall from the tangents of 
their Orbits towards the Sun, nor could a fione, 
which is once thrown up from the Earth, ever fall 
to the Earth again. 
& me . 149. As Venus and the Earth are fuperior Pla- 
Genera > netsto Mereury, they fhew much the fame Appear- 
open ances to him that Mars and Jupiterdotous. Let 
Planetto Mercury m_be at f, Venus v at F, and the Earth 
an inferior, at I; in which fituation Venus hides the Earth 
from Mercury; but, being in oppofition to the 
Sun, fhe fhines on Mercury with a full illumined 
Orb;-though, with refpeéct to the Earth, the is in 
“conjunétion with the Sun, and invifible. When 
- Mercury is at f, and Venus at G, her enlightened — 
fide not being directly towards him, the appears a 


\ little 


The Phufical Caufes of the Planets Motions. — 81 
little gibbous;' as Mars does in alike fituation to 

-us: but, when Venus is at 7, her enlightened fide 
is fo much towards Mercury at /, that the appears 
to him almofi of around figure. At, Venus dif 
appears to Mercury at f, being then hid by the 
Sun; as well as all our fuperior Planets are to us, 
when in conjunétion with the Sun. When Venus 
has, asit were, emerged out of the Sun-beams, as 
at L, the appears almofi full to Mercury at fs at 
M and N, a little gibbous; quite full at #, and 
largeft of all; being then in oppofition to the Sun, 
and confequently neareft to Mercury at F’; fhining 
ftrongly on him in the night, Hecaufe her diftance 
from him then is fomewhat lefs than a fifth part of 
her diftance from the Earth, when fhe appears 
roundeft to it between J and K, or between K and 
L, as feen from the Earth E. Confequently, when 
Venus is oppofite to the Sun as feen from Mercury, 
{he appears more than 25 times as large to him as 
{he does to us when at the fulleft.. Our cafe is 
almoft fimilar with’ refpect to Mars, when he is 
oppofite to the Sun; becaufe he is then fo near the 
Earth, and has his whole enlightened fide to- 
wards it: But, becaufe the Orbits of Jupiter and 
Saturn are very large in proportion to the Earth’s 
Orbit, thele two Planets appear much lefy magni- 
fied at their Oppofitions, or diminithed at their 
Conjunétions, than Mars does, in proportion to 
their mean apparent Diameters. | 
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PLATE I. lines, the curvilineal motions of all the Planets 


Fig. IV. 


Cireular 
Orbits. 


Fig. ry 


arife. Ifthe body A be projected along the right 
line 4 B.X, in open Space, where it Semaie sat bes no’ 
refiftance, and is not drawn afide by any other — 
power, ‘it will for ever go-on with the fame ve- 


‘locity, and in the fame direétion. For, the force 


which moves it from 4 to B in any given time, will » 

earry it from B to X in as much more time, and. 
fo on; there being nothing to obftruct or alter its 
motion. But if, when this projectile force has car- 
ried it, fappofe to B, the body S' begins to attraét 
it, with a power duly adjufted, and perpendicular 


‘ its motion at B, it willthen be drawn from the 


firaight line A BX, and forced to revolve about & 
in the Circle BY T'U. When the body A comes to: 
U, or any other part. of its Orbit, if the fmall body 
u, within the fphere of U’s attraction be projected, 
as in the right line 2, with a force perpendicular 
to the attraétion of U, then zw will go round U in 


the Orbit W, and accompany it in its whole courfe. 
‘round the body. 8. Here S'may reprefent the Sun, 
had the Earth, and u the Moon. 


fi ‘fa Planet at B er avitates, or is attracted, 
towards the Sun, fo as to fall from B to y in the 
time that the projectile force would have carried it 


from Bto X, it will defcribe the curve BY by the 


combined aétion of thefe two forees, in the fame 
time that the projeétile force fingly would have 


carried it from B to X, or the gravitating power 


fingly have caufed it to defcend from Bto y; and 


_ thefe two forces being duly proportioned, and per- 


pendicular to each other, the Planet obeying them 


_ both will move in the circle BY WY Vast 


* Tomake the scnjebetls bode balance the gravitating power 
fo exactly as that the body may move in a Circle, the projec- 
tile velocity of the body muft be fuch as it would have ae- 


‘ quired by gravity alenes iv falling through. half the radius of — 


the circle. 


| 152. But 
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~ 142. Butif, while the projectile force would carry 
the Planet from B to 0, the Sun’s attraGtion (which 
_conttitutes the Planet’s gravitation) fhould bring it 
down from B to 1, the gravitating power would 
then be too firong for the projectile force; and 
would caufe the Planet to defcribe the curve B C. 


When the Planet comesto C, the gravitating power Elipticat: 


(which always.increafesas the fquare of the diftance 
drom the Sun S'diminifhes) will be yet ftronger for 


53 


Orbits. 


the projectile force; and by confpiring in fome de- _ 


gree therewith, will accelerate the Planet’s motion 
_ all the way from C'to K; caufing it to deferibe the 


arcs BC, CD, DE, E F, &c. all in equal times. - 


Having its motion thus accelerated, it thereby 
oe : | era oit ety J. 
gains fo much centrifugal force, or tendency to fly 


off at K in the line Kk, as overcomes the Sun’s at« : 


traction: and the centrifugal force being too great 
to allow the Planet to be brought nearer the Sun; 
or even to move round him in the circle K/mn, &c. 
it goes off, and afcends in the curve KLMN, &c. 
ats motion decreafing as. gradually from’ K to B, 
as.it-increafed from B to K, becaufe the Sun’s at- 
traction now acts againt the Planet’s projectile mo- 


tion juft as much as it aéted with it before. When 


the Planet has got round to B, its projectile force 
is.as much diminifhed from its mean fate about G 
or NV, as it was augmented at K; and fo, the Sun’s 
attraction being more than fufficient to keep the 
Planet from going off at B, it defcribes the fame 
Orbit over again, by virtue.of. the fame forces or 
powers. ‘* 


153. A double projeétile force will always ba- 
_ dance.a quadruple power of gravity. Let the Planet 
at B haye twice as great an impulfe from thence 
towards X, as it had before; that is, in the fame 
dength of time that it was projected from B to 6, 
_as in the laft example, let it now be projected from 
_ Btoc; and it will require four times as much gra- 

vity to retain it in its Orbit: that is, it muft fall 

| G2 : as 


~- 
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PLATE Il. ag far as from B to 4 in the time that the projectile 
force would carry it from B toc; otherwife it could 
not defcribe the curve B D, ‘as is evident by the 

Fig. IV. Figure. But, in as much time as the Planet moves 

seet’*s from B to C in the higher part of its Orbit, it moves 

- equal Areas from J to K, or from K to L, in the lower part 

fimo thereof; becaufe, from the joint aétion of thefe two 
forces, it muft always defcribe equal Areas in equal 
times, throughout its annual corrfe. Thefe Areas 
are reprefented by the triangles BSC, CSD, , 
DSE, ESF, &c. whofe contents are equal to one ~ 
another quite round the Figure.* 

Adificulty 154. As the Planets approach nearer to the Sun, 

remove’. and recede farther from him, in every Revolution; 

‘there may be fome difficulty in conceiving the rea- 

fon why the power of gravity, when it once gets 

the better of the projectile force, does not bring 
the Planets nearer and nearer to the Sun in every 

Revolution, till they fall upon and unite with him; 

or why the projectile force, when it once gets the 

better of gravity, does not carry the Planets farther 
and farther from the Sun, till it removes them quite, 
out of the {phere of his attraction, and caufes them - 
to go on in firaight lines for ever afterward. But by 

confiderig the effects of thefe powers as defcribed 
in the two laft Articles, this difficulty will be ree 
moved. Suppofe a Planet at B to be carried by 
the projectile force as far as.from B to 6, in the | 
time that gravity would have brought it down from 

# to 1: by thele two forces it will defcribe the 

curve B-C’. When the Planet.comes.down to K, it 

will be but half as far from the Sun S as it'was at 

#£; and therefore, by gravitating four times as 

fironzly towards him, it would fall from K to V in 

the fame length 3f time that it would have fallen — 
from B to 1 in the higher part of its Orbit, that is, 
through four times as much f{pace; but its projectile 


* This is one of the celebrated Laws of Kepler. See Dr. 
Small’s Account of Kepler’s Difcoyeries.—Ed. 
igh force 
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force is then fo much increafed at K, as would carry 

it from K to & in the fame time; being double of 
what it was at B, and is therefore too ftrong for the 
gravitating power, either to draw the Planet to the 

Sun, or caufe it to go round him in the circle Kinn, 

&c. which would require its falling from K to w, 

through a greater {pace than gravity can draw it, 

while the projeétile force is fuch as would carry it 

from K to &: and therefore the Planet afcends in 

its Orbit KLMN, decrealing in its velocity for 

the caufes already affigned in § 152. 


_ 155. The Orbits of all the Planets are Ellipfes, The Plaret- 
very little different from Circles: but the Orbits of etiiptical. 
the Comets are very long Ellipfes; and the lower 
focus of them all is in the Sun. If we fuppofe the 
mean diftance (or middle between the greateft and 
leaft) of every Planet and Comet from the Sun to 
be divided into 1000 equal parts, the Eccentricities Their - 
of their Orbits, both in fuch parts and in English SS" 
miles, will be as follow: Mercury’s, 210 parts, or 
6,720,000 miles; Venus’s, 7 parts, or 413,000 
miles; the Earth’s, 17 parts, or 1,377,000 miles; 
Mars’s, 93 parts, or 11,439,000 miles; Jupiter’s, 
48 parts, or 20,352,000 miles; Saturn’s, 55 parts, 
or 42,735,000 miles. Of the neareft of the three 
- forementioned Comets, 1,458,000 miles; of the 
middlemoft, 2,025,000,000 “miles; and of the 
outermott, 6,600,000,000, 7 | 
156, By the above-mentioned law, § 150 & /eg, The above 
bodies will move in all kinds of Ellipfes, whether eRe 
long or fhort, if the fpaces they move in be void cg 
of refiftance, Only thofe which move in the longer ee " 
Ellipfes have fo much the lefs projectile force im- chad 
preffed upon them in the higher parts of their 
Orbits ; and their velocities, in coming down to- } 
wards the Sun, are fo prodigioufly increafed by his 
attraction, that their centrifugal forces in the lower 
parts of their Orbits are fo great, as to overcome 
the Sun’s attraction there, and caufe them to afcend 


G3 again 
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again towards the higher parts of their Orbits3 
during which tithe, the Sun’s attra@tion aéting fo 


_ contrary to the motions of thofe bodies, caufes 


them to move flower and flower, until their pro=— 


~ jectile forces are diminifhed almoft'to nothing; and 


In what . 
times the 
Planets 
would fall _ 
to the Sun 
by the 
power of 
gravity. 


then they are brought back again by the Sun’s 
attraction as before. 3 i 
157. If the projectile forces of all the Planets 
and Comets were deftroyed at their mean diftanées 
from the Sun; their. gravities would bring them’ 
down fo, as that Mercury would fall to the Sun-in 
15 days 13 hours; Venus in 39 days-17 hours ; 
the Earth or Moon in 64 days 10 hours; Marsvin 
121 days; Jupiter in 290; and Saturn in 767. 
‘The neareft Comet in 13 thoufand days} the mid- 
dlemoft in 23 thoufand days; and the outermoft in 
66 thoufand days. The Moon would fall to the 


Earth in 4 days 20 hours; Jupiter’s firft Moon 


would fall to him in 7 hours, his fecond in. 15, his 


third in 30, and his fourth in 71 hours, Saturn’s: 


~The prodi- 
gious at- 

traction of 
the Sun and 
Planets. “ 


firft Moon weuld fall to him in 8 hours, his fecond 
in 12, his third in 19, his/fourth in 68 hours, and 
his fifth in 336. A ftone would fall to the Earth’s 
center; if there were a hollow: pafflage, in 21 mi- 
nutes g feconds. Mr. Wutsrown gives the follow- 
ing Rule for fuch Computations. “* It is demon- 
firable, that half the Period of any Planet, when 
it is diminithed in the fefquialteral proportion of 
the number 1 to the number 2, or nearly in the 
proportion of 1000 to 2828, is the time that: it 
would fall to.the center of its Orbit.” This pro- 
portion is, when any quantity or number contains 
another, once and a halfas much more, ° | 


158. The quick motions of the Moons of Jupiter 
and Saturn round their Primaries, demonftrate that 
thefe two Planets have ftronger attractive powers 
than the Earth has. For the ftronger that -one 


* Astronomical Principles of Religion, p. 66. 


body, 
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body attracts another, the greater mutt be the pro- 
jectile force, and confequently the quicker muft be + 
the motion of that other body to keep it from fall-__ 
ing to its primary or central Planet. J upiter’s — 
fecond Moon is 1 24 thoufand miles farther from 
Jupiter than our Moon is from us; and yet this 
fecond Moon goes.almoft eight times round Ju piter 
whilft our Moon goes-only once round the Earth. 
What a prodigious attractive power muft the Sun 
then have, to draw all the Planets and Satellites of 
the Syftem towards him! and what an amazing 
power mutt it haverequiredto put all thefe + Planets 
and Moonsinto fuch rapid motions at firft! Amaz-_ 
ing indeed to us, becaufe impofiible to be effected 
by the firength of all the living Creatures in an 
‘unlimited number of worlds; but no ways hard 
for the Almighty, whofe Planetarium takes in the 
whole: Univerfe. 

159. The celebrated Neceuninas affirmed: ihe Arciti- 
could move the Earth, if he had a place at a dif- Provicm 
sig from it to fland upon to manage his machine- for saiing 
ry*. ‘This aflertion is true in Theory, but, upon orn 
examination, will be found abfolutely impoflible i in 
practice, even though a proper place and materials 
of fufficient firength could be had. 

The fimpleft and eafieft method of moving a 
heavy body a little way is by alever or crow, where .+. 
a {mall weight or power applied to the long arm 
‘will raife a great weight on the fhort one. Eut 
then the fmall weight muft move as much quicker 
than the great weight, as the latter is heavier than 
the former's and the length of the long arm of the 
Tever muft be in the fame proportion to the length 
of the {hort one. Now, fu ppote aman to pull, or » 
prefs the end of the long arm with the force of 
_ 200 pound-weight, and that the Earth contains in 

round numbers, 4;000,000,000,000, ona 000, 


* Ads me ows nee Toy rhirglh RINCTWs e Es give me a place to 
ftand a BP, and I fhall move the Earth, 
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or 4000 Trillions of cubic feet, each at a mean 
rate weighing 100 pound; and that the prop or 
center of motion of the lever is 6000 miles from 


the Earth’s center: ‘in this cafe, the length of the 


lever from the Fulerum or center of motion to 
the moving power or weight ought to be 12,000, 
000,000,000,000,000,000 000, or 12 Quadrillions 
of miles; and fo many miles muft the power move, 
in arder to raife the Earth but one mile; whence 
it is eafy to compute, that if ARcHimEDES, or the 
power applied, could move as {wift as a cannon- 
bullet, it would take 27,000,000,000,000, or 27 
Billions of years to raife the Earth one inch. 

If any other machine, fuch as a combination of 
wheels and {crews, was propofed to move the Earth, 
the time it would require, and the fpace gone 
through by the hand that turned the machine, 
would be the fame as hefore. Hence we may 
learn, that however boundlefs our Imagination and 
Theory may be, the aétnal operations of man are 


“ confined within narrow limits; and more fuited to 


Hard to 
determing 
what Gra- 
vity is, 


our real wants than to our defires. 


160. The Sun and Planets mutually attract each 
other: the power by which they do fo we call 
Gravity. But whether this power be mechanical 
or not, is very much difputed. Obfervation proves 
that the Planets difturb one another’s motions by 
it, and that it decreafes according to the {quares of 
the diftances of the Sun and Planets; as light, 
which 1s known to be material, likewife does. 
Hence Gravity fhould feem to arife from theagency 
of fome fubtle matter prefling towards the Sun and 
Planets, and a¢ting, like all mechanical caufes, by 
contaét. But, on the other hand, when we confider 
that the degree or force of Gravity is exactly in 
proportion ta the quantities of matter in thofe 
bodies, without any regard to their bulks or quan- 
tities of furface, aéting as freely on their internal, 
as external parts, it feems to furpafs the power of 
| a Beer — mechanifi, 
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-mechani{m, and to be either the immediate agency 
of the Deity, or effected by a law originally efta- 
blifhed and imprett on all matter by him. But 
fome affirm that matter, being altogether inert, can- 
not be imprefied with any Law, even by Almighty 

Power: and that the Deity, or fome fubordinate 
intelligence, muft therefore be conftantly impelling 
the Planets towards the Sun, and moving them with 


the fame irregularities and difturbances which Gra-. 


vity would caule, if it could be fuppofed to exift. 
But, if a man may venture to pubhith his own 
thoughts, it feems to me no more an abfurdity, to 
fuppofe the Deity capable of intufing a Law, or 
what Law he pleafes, into matter, than to fuppofe 
him capable of giving it exiftence at firft.. The 
manner of boethis equally mconceivable to us; but 


neither of them imply a contradiction in our ideas;. 


and what implies no contradiction is within the 
power of Omnipotence, | 

161. That the projectile force was at firft given 
by the Deity is evident. For fince matter can 
never put itfelf in motion, and all bodies may be 
moved in any direétion whatfoever ; and yet the 
Planets, both primary and fecondary, move from 
weit to eaft, in planes nearly coincident; while the 
Comets move in all directions, and in planes very 
different from one another; thefe motions can 
be owing to no mechanical caufe or neceflity, 
but to the free will and power of an intelligent 
Being. | 

162. Whatever Gravity may be, it is plain that 
it acts every moment of time: for if its action 
_fhould ceafe, the projectile force would inftantly 
carry off the j’lanets in ftraight lines from thofe 
parts of their Orbits where gravity left them. 
But, the Planets being once put into motion, there 
is 10 occafion for any new projectile force, unlefs 
they meet with fome refiftance in their Orbits; 
nor fer any mending hand, unlefs they difturb 
ene another too much by their mutual attractions. 
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wae ees 163. It is found that there are difturbances 
another's. among the.Planets in their motions, arifing from 
movers” their mutual attractions when they are in the fame 
quarter of the Heavens; and the beft modern:ob- 

fervers find that our years are not always precifely 

of the fame length*.. Befides, there is reafon to 

- believe that the Moon is fomewhat nearer the 
Earth now than fhe was formerly ; her periodical 

month being fhorter.than it was in former ages, 

The confe- For our Aftronomical Tables, which in the prefent 
shereoe, ge thew the times of Solar and Lunar Eclipfes 
v to great precifion, do not anfwer fo well for very 
ancient Eclipfes. Hence it appears, that the Moon 

does not move in a medium void of all refiftance, 
§174: and therefore her projetiile force being 
a little weakened, while there is nothing to diminith 
her gravity, the mafl be gradually approaching 
“nearer the Earth, defcribing fmaller and finaller 
circles round it in every Revolution, and finithing 
her Period fooner, although her abfolute motion 
with regard to {pace be not fo quick now as‘it was 
formerly: and, therefore, the muft come to the 
Earth at laft; unlefs that Being, which gave her a 
fufficient projectile force at the beginning, adds a 
little more to it in due timeyt. And, as all the 
Planets move in {paces full of etherand light, which 
are material fubfiances, they too muft meet with | 


2. 


* If the Planets did‘not mutually attract one another, the 
areas defcribed by them would be exactly proportionate to the . 
times of defcription, § 153. But obfervations prove that thefe 
areas are not in fuch exact proportion, and are moft varied 
when the greateft number of Planets are in any particular 
quarter of the Heavens.. When any two Planets are in cone 
junction, their mutual. attractions, which tend to bring them 
nearer to one another, draws the inferior one a little farther 

_ from the Sun, and the fuperior one a little nearer to him; by 
which means, the figure of their Orbits is fomewhat altered’; 
‘but this alteration is too fmallto be difcovered in feveral ages. 


+ This acceleration of the Moon hag been fhewn by M. de 
Ja Place, to arife from’a {mall diminution in the eccentricity 
pf the Earth's Orbit Ed, 


raid “fome 
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fome refiftance. “And, therefore, if their gravities 
‘ate not diminifhed, nor their projectile forces in- 
 creafed, they mutt neceflarily approach nearer and 
nearer the Sun, and at length fall upon and unite 
with him. — | | 

-164.- Here we have a ftrong philofophical argu-The world 
ment againft the eternity of the World. For, Oe eden 
it exifted from eternity, and been left by the Deity 
to be. governed by the combined actions of the 
above forces or powers, generally called Laws, it 
had been at an end long ago. And if it be left to 
them, it muft’come to an end. But we may be- 
certain, that it will laft as long as was intended by 
its Author, who-onght no more to be found fault 
with for framing fo perifhable a work, than for 
making man mortal, 


CHAP. VIL 


- Of Light. Its proportional Quantities on the different 
Planets, Its Refrathions in Water and Air. The 
| Atmofphere ; its Weight and Properties. The 

Horizontal Moon, nih 
165. i Rote confifts of exceeding {mall par- 

fia ticles of matter iffuing froma luminous 

body; as from a lighted candle fuch particles 
of matter conftantly flow in all directions. Dr. 
Niewenryr* computes, that in one fecond of The amaz- 
time there flows 418,660,000,000,000,000,000,000, fing 
000,000,000,000,000,000,000 particles of light out particles of 
of a burning candle; which number contains at ee 
leaft 6,33 7,242,000,000 times the number of grains 
of fand in the whole Earth ; -.fuppofing 100 grains 
of fand to be equal in length to an inch, and 
confequently, every cubic inch of the Earth to 
contain one million of fych grains. . 


166. Thefe 


# Religious Philofopher, Vol. TIL. p. 65. 
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phecteal- 166. Thefe amazingly fmall particles, by ftrik- 
that aes ae upon our eyes, excite in our minds the idea 
Albi hica of light; and, if they were as large as the {mallet 
latean particles of matter difcernible by our beft micro- 
| icopes, inftead of being ferviceable to us, they 
would foon deprive us of fight by the force arifing 
from their immenfe velocity, which is above 164 
thoufand miles every fecond*, or 1,230,000 times 
{wifter that the motion of a cannon-bullet. And, 
therefore, if the particles of light were fo large, 
that a million of them were equal in bulk to an 
ordinary grain of fand, we durftno more open our 
eyes to the light, than fuffer fand to be thot point 
blank againft them, 3 : 
How 167. When thefe fmall particles, flowing from 
ps the Sun or from a candle, fali upon bodies, and 
vablecous-are thereby reflected to our eyes, they excite in 
us the idea of that body, by forming its picture 
on the retina t. And fince bodies are vifible on 
all fides, light muft be reflected from them iyi all 
directions, enadiun & | 
The raysof 168. A ray of light is a continued ftream of 
ee aa thefe particles, flowing from any vifible body in a 
inftight firaight line.” That the rays move in flraight, and 
- a not in crooked lines, unlefs they be refraéted, is 
evident from bodies not being vifible if we endea- 
vour to look at them through the bore of a bended 
pipe; and from their ceafing to be feen by the 
interpofition of other bodies, as the fixed ftars by 
the interpofition of the Moon and Planets, and 
“the Sun wholly or in part by the interpofition of 
Aproofthat the Moon, Mercury, or Venus. And that thefe - 
piey Beet pave t interfere, or juftle one another out of 
Hot one an- ! Lys O not l 3 J ul o 
‘other's mo- their ways, in flowing from different bodies’ all 
“around, is plain from the following Experiment, 
Make a little hole in a thin plate of metal, and fet 
the plate upright ona table, facing a raw of lighted 


* This will be demonftrated in the eleventh Chapter. 
+ A fine net-work membrane in the bottem of the eye. 
candleg 
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candles ftanding by one another; then placea fheet PLATEIL. 
of paper on patteboard at a little diftance from 

the other fide of the plate, and the rays of all the . 
candles, flowing through the hole, will form as 

many fpecks of light on the paper as there are 
candles before the plate; each {peck as diftinét and 

_ large, as if there were only one candle to caft one 

fpeck ; which fhews that the rays are no hindrance 

_ to each other in their motions, although they all 

crofs in the hole. : | 


169. Light, and therefore heat, fo far as it de- 
pends on the Sun’s rays, (§ 85, towards the end,) 
decreafes in proportion to the fquares of: the dif- 
tances of the Planets from the Sun. This is eafily 
demontirated by a Figure, which, together with 
its defcription, I have taken from Dr. Smirn’s 
Optics *. Let the light which flows from a point 
A, and pafies through a fquare hole B, be re- 
ceived upon a plane C, parallel to the plane of the 
hole; or, if you pleafe, let the figure C be the In what 
fhadow of the plane B; and when the diftance Cis [pp na” 
double of B, the length and breadth of the fha- beat de- 
dow C will be each double of the length and se inca 
breadth of the plane B; and treble when A D is pos 
treble of 4B; and fo on: which may be eafily si. 
examined by the light of a candle placed at J. 
Therefore the furface of the fhadow C, at the 
diftance A C double of 4 B, is divifible into four 
_ fquares, and at a treble diftance, into nine fquares, 
each equal to the fquare B, as reprefented in 
the Figure. The light then which falls upon the 
plane B, being fuffered to pafs to double that 
diftance, will be uniformly fpread over four times 
the fpace, and confequently will be four times 
thinner in every part of that fpace; and atatreble 
diftance, it will be nine timés thinner; and at a _ 
quadruple diftance, fixteen times thinner, than it 
Was at firft; and fo on, according to the increafe 


Fig. XI. 


* Book hs AT, 67. 
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PLATEIL of the {quare furfaces B, C; D, E, built upon the 
3 diftances AB, AC, AD, AE, Confequently, the 
quantities of this rarefied light received upon a 
furface of any. given fize and. fhape whatever, re~ 
moved fuccetlively to thefe feveral diftances, will 
be but one-fourth, one-ninth, one-fixteenth of the 
whole quantity ” received by. it at the fir dif- 
tance A B. Or, in general words, the denfities and 
quantities of li ght, received upon any given plane; 
are diminifhed in the fame proportion, as’ the 
fquares of the diftances of that plane; from the 
luminous body are increafed: and, on the con- | 
trary, are increafed in the fame proportion as thefe 
{quares are diminithed. - 
Why the . ,170. The more a telef{cope magnifies the difcs 
; janes aP- Of the Moon and Planets, they appear fo much 
mer when. dimmer than to the bare eye; becaufe the tele- 
bart . cope cannot magnify the quantity of light as it 
lefcopes- does the furface; and, by fpreading — the fame 
TREE quantity of light over a furface fo much larger 
than the naked eye beheld, juft fo much diramer 
muft it appear when viewed by a telefcope than = 
the bare eye. : 

171. When a ray of light pagles out’ ‘of one 
medium * into another, it is refracted; or turned 
out of its firft anaetd more- or letsh tp it falls: 
more or lefs obliquely on the refracting furface 
which divides the two mediums. ‘This may be 
‘proved by feveral experiments; of which we thall 

Fig. VI, only give three for example’s fake. 1. Ina bafon, | 
FG H, put apiece ofmoney,as DB, and then retire 


from it to 4; that is; till the’edge of the bafon atE 


jut hides the money from your fight ; then keep- 
ing your head fteady, let another perfon fill the 
Refraéion bafon gently with water. As he fills it,’ you will 


a ype ob fee more and more of the piece dD B; which will 


® 


i Sl anedserat in this fenfe; is any ‘eacdpseakt body, or r'thae 
through which the rays of light can pafs ; as water, elafs, dia~ 
mond, air, and eyen a vacuum is foraetimes ealled.a Medium. 
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pe all-in-view when the bafon is full, and appear 


asif lifted up to C. For the ray A E B, which 
was ftraight while the bafon was empty,.is now 
bent at the furface of the water in F, and turned m 


out of its reétilineal courfe into the direGtion E D. 


Or, in other words, the ray DEK, that proceeded 
in a ftraight line from the edge D ‘while the bafon 
was empty, and went above the eye at A, is Now 
bent at £; and initead of going on in the recti- 
lineal direétion D E K, goes in the angled direction 
DEA, and by entering the eye at A renders the 
object DB vifible. Or, 2dly, Place the bafon 
where the Sun fhines obliquely, and obferve where 
the thadow of the rim £ falls on the bottom, as at. 
B: then fill it with water, and the fhadow will fall 
at D; which proves, that the rays of hght, falling 
obliquely on the furface of the water, are refr acted, 
or bent downward into it. | 
172. The lefs obliquely the rays of light fall 
upon the furface of any medium, the lefs they are 
refracted ; and if they k perpendicularly Oh ah, ° 
they are not refracted at all. . For, in the laft expe- 
riment, the higher the 5un nice the lefs will be the 
difference between the places were the edge of the 


fhadow fails in the empty and full baton. And, 
gdly, If a ftick be laid over the bafon, and the 
+ Sun’s rays being reflected perpendicularly into it 


from a looking-glafs, - the fhadow of the ftick will 


fall upon-the fame place of the bottom, whether the 


bafon be full or em pty. 
173. The denfer that any medium Js, the more 
is light refracted: in pafling through it. 


174. The Earth is furrounded by a thin fluid The ae 
mafs of matter, called the Avr or Atmofphere, Aig 


_ which gravitates to the arth, revolves with it in 
its diurnal motion, and goes Sarid the Sun with 


it every year. This fluid is of an elaftic or fpringy 

nature, and its loweft part, being prefled by the 

weight ofall the Air AROS it, is preffed the clofeft: 
. together ; 


Concerning the Atmofphere. 
together; ani therefore the atmofphere is denfeft 
of all at the Earth’s Surface, and. becomes gradu- 
ally rarer higherup. ‘ [tis well known * that the 
Air nearer the furface of our Earth pofleffes a fpace 
about 1200 times greater than Water of the fame 
weight. And therefore, a cylindric column of 
Air 1200 feet high, is of equal weight with a cylin- 
der of Water of thé fame breadth, and but one 
foot high. But a cylinder of Air reaching to the 
top of the Atmofphere is of equal weight with a 
cylinder of Water about 33 feet high f; and there+ 
fore, if from the whole cylinder of Air, the lower 
part of 1200 feet high is taken away, the remaining 
upper part will be of equal weight with a cylinder 
of Water 32 feet high; wherefore, at the height 
of 1200 feet, or two furlongs, the weight of the — 
incumbent air is lefs, and confequently the rarity 
of the compreffed Air is greater than near the 
Earth’s furface, in the ratio of 33 to 32. And 
the Air at, all heights whatfoever, fuppofing the 
expanfion thereof to be reciprocally proportional 
to its compreffion ; and this proportion has been 
proved by the experiments of Dr. Hooke and 
others. The refult of the computation I have fet 
down in the annexed Table: in the firft column 
of which contains the height of the Air in miles, 
whereof 4000 make a femi-diameter of the Earth; — 
in the fecond the compreflion of the Air,,or the 
incumbent weight; in the third its rarity or ex- — 
panfion, fuppofing gravity to decreafe in the du- 
plicate ratio of the diftances from the Earth’s ° 
center. And the fmall numeral figures are here. 
ufed to fhew what number of cyphers mutt. be 
prefixed or annexed to the numbers exprefled by 
the larger figures, according as they are placed 
before, or after thefe numbers, as 0.771224 for. 
0000000000000000001224, and 26956'% for ' 
.26956000000000000000. | aw Gil 
* Newron’s Syftem of the World, p. 120. 


+ This is evident from common pumps. 
: Air's 
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rr Ley tay The Air’s 
Air’s as compreffion 
ah , and rarity at 
{) Height. | Compreffion. | Expanfion. Bia ie 
: ) ae ake ater Beene | 
5 17.8515. «]- + 1.8486) 
. 10 ROPLT O. 3.4151) 
20y Po) Qe sole « [ho 57} 
40 025254 +] + 136.83 
400 0.°71224 «| 26956°°. 
4000 | 0.4465 | 73907 
40000 | 0.81628 | 26263°°? 
4.00000 0.217805.| 4179877 
4000000 0.79878 | 33414 
Infinite or7**9941 54620" ' 


From the above Table it appears that the Air 
in proceeding upwards is rarefied in fuch manner, 
that a {phere of that Air whichis neareft the Earth 
but of one inch diameter, if dilated to an equal - 
rarefaction with that of the Air at the height of 
ten femi-diameters of the Earth, would fill up 
more fpace than is contained in the whole Heavens 
‘on this fide the fixed Stars. And it likewife ap- 
pears that the Moon does not move ina perfectly 
_ free and unrefifting medium ; although the’ Air, 
ata height equal to. her diftances, is at lealt. 
3400'% times thinner than at the Earth’s furface,; 
and therefore cannot refifi her motion, fo as to be 
fenfible, in many ages. : 


175. The weight of the Air, at the Earth’s fur- tts weigne 
face, is found by experiments made with the Air- fqund, 
pump; and alfo by the quantity of mercury that 
the Atmofphere balances in the barometer; in 
which, at ‘a mean ftate, the mercury ftands 29% 
inches high. Andif the tube were a {quare inch 
wide, it would at that ‘height contain 297) cubic 
“inches of mercury, which is juft 15 pounds weight; 
and fo much weight of air every fquare inch of 
the Earth’s furface fuftains ; and every {quare toot 

| | | ‘144 times 
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144 times as much, becaufe it contains 144 fquare 
inches.. Now, as the Earth’s furface contains, in 
‘round numbers, 200,000,000 fquare miles, it muft 
contain no lefs than 5,575,680,000,000,000 fquare 
feet; which being multiplied by 2160, the num- 
ber of pounds on each fquare foot, amounts to 
12,04 3,468,800,000,000,000 pounds, for the 
weight of the whole Atmofphere. At this rate, a 
‘middle fized man, whofe furface is about 15 {quare 
feet, is prefled by 32,400 pounds weight of Air all 
around ; for fluids prefs equally up and down, and 
on all fides. But, becaufe this enormous weight 
is equal on all fides, and counterbalanced by the 
{pring of the Air diffufed through all parts of our 
bodies, it isnot in the leaft degree felt by us, - 


Acommon 376, Oftentimes the ftate of the Air is fuch, 

A Baar that we feel ourfelves languid and dull; which is 

eight of Commonly thought to be occafioned by the Air’s 
the Air. . cae Fai 

_ being foggy and heavy about us. But that the 

Air is then too Jight, is evident from the mer- 

cury’s finking in the barometer, at which time it 

is generally found that the Air has not fufficient 

firength to bear up the vapours which compofe 

the Clouds: for, when it is otherwife, the Clouds 

mount high, and the Air is more elaftic and 

weighty above us, by which means it balances 

the internal fpring. of the Air within us, braces 

up our blood-veflels and. nerves, and makes us_ 

brifk and lively. ym | 


Without an 177. According to *Dr. Kzm1, and other © 
heehee aftronomical writers, it is entirely owing to the. — 
weuldal- Atmofphere that the Heavens appear bright in 
daw the day-time. For, without an Atmofphere, only 
We thould that part of the Heavens would.fhine in which 
twilignt, . the Sun was placed: and if we could live without 
: Air, and thould turn our backs towards the Sun, — 

the whole Heavens would appear as-dark as in the 


‘night, and the Stars would be feen as clear as in 


-*. See his Aftronomy, p. 232. 
sui araiee the 
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the noéturnal fky. In this cafe, we fhould have PLATEL, 
no twilight; but a fudden tranfition from the 
brighteft. funthine to the blackeft darknefs imme- 
diately after fun-fet; and from the blackeft dark- 
nefs to the brichteft funihine at fun-rifing; which 
would be extremely inconvenient, if not blinding, 
to all mortals. But, by means of the Atmo- 
{phere, we enjoy the Sun’s light, reflected from 
the aérial particles, for fome time before he rites, 
and after he fets. For, when the Earth, by its. 
rotation, has withdrawn our fight from the Sun, 
the Atmofphere being ftill higher than weshas-the yo: 
Sun’s light imparted to it; “which gradually de- - 
-creafes until he has got 18 degrees below the Ho- - 
rizon; and then, all that part of the Atmofphere 
which i is above us is dark. From the length of 
twilight, the Doétor has calculated the height of 
the Atmofphere (fo far as itis denfe enough to re- 
fleét any light) to be about 44 miles. But it is 
feldom denfe enough at two miles hei ghtto fae up 
the Clouds. 


178. The Atmofphere refracts the ‘Sun's Pays It brings the 
fo, as to bring him. in fight every clear day, before jw?" "e™ 
he rifes.in the Horizon; and to keep him in view rifes, ana 
for fome minutes after ‘he is really fet below it. Re 
For, at fome times of the year, we fee the Sun ten he fers. 
minutes longer above the Horizon than he would 
be if there were no refra¢tions; and above fix mi- 


nutes every day at a mean rate. | a. 


179. To illuftrate this, let JE K bea ae of pe 1X, 
the Earth’s furface, covered with the Atmofphere 
HG FC; and let HEO be the fenfible Horizon * 
of an obferverat EH. When the Sun is at 4, really 
below the Horizon, aray of light, 4 C, proceeding 
from him comes ftraight: to C; where it falls on 
the furface of the Atmofphere, and there entering | 
a denfer medium, it is turned out of its rectilineal 


1 


’ 4 


* As far as one can fee round him on the Earth-. 
H 2 courte 


Yoo. 


The quaa- 
tity of Re- 
fraction, 
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courfed CdG,and bent dpveth to tise obferver’s eye 
at EL ; who then fees the 5un in the direAion of the 
vefracied ray Ed e, which lies above the Horizon, 
and. being eadanted out to the Heavens, thews the 


Sun at B, §.171. 


180. The higher the Sun rifes, the lefs his rays 
are refracted, ‘becaufe they fall lefs obliquely on. 
the furface of the Atmofphere, §.'172. ‘Thus, 
when the Sun is in the direction of the line Ef L 
continued, he is fo nearly perpendicular to the. 
furface of the Earth at I, that his rays are but — 


~ very little bent from a reétilineal courfe. 


181. The Sun is about 323 min. of a deg. in © 
breadth, .when at his mean diftance Fon the 
Earth ; and the horizontal refraction of his rays is 
992 min. which being more than his whole 
diameter, brings all his Dife in view, when his 
uppermoft edge rifes in the Horizon. At ten deg. 
height, the refraction is not quite 5 min,; at20 | 
deg. only 2 min. 26 fec.; at 30 deg. but 1 min. 
32 fec ; and at the Zenith, it is ‘nothing ; the — 
quantity: throughout, is fhewn by’ the annexed — 


Table, calculated by Sir Isaac NewTon. 


182, AT ass fhewing the Refra&ions of the Sun, | 
Moon, and Stars; adapted to their 
Altitudes. 
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The incon- 
fancy of > 
¥efractions. 


A very re- 
markable 
cafe con- 
cerning 
refraction. 
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183. In all obfervations, to have the true Alti- 
tude of the Sun, Moon, or Stars, the refraction 
muft be fubtraéted from the obferved Altitude. 
But the quantity of refraction 1s not always the 
fame at the fame Altitude ; becaufe heat diminifhes 
the refractive power and denfity of the Air, and cold 
increafes both; and, therefore, no one table can 
ferve precifely for the fame place at all feafons, 
nor eyen at all times of the fame day, much lefs 
for different climates; it having been obferved 
that the horizontal refractions are near-a third part. | 
Jefs at the Equator than at Paris, as mentioned by 
Dr. Smitu in the 370th remark on his Optics, 
where the following account is given of an extra- 
ordinary refraétion’ of the Sun-beams by cold. 
“ There is a famous obfervation of this kind made 
by fome Hollanders that wintered in Nova Zembla 
in the year 1596, who were furprifed to find, that 
after a continual night of three months, the Sun 
began to rife feventeen days fooner than according 
to computation, deduced fromm the Altitude of the 
Pole obferved to be 76°; which cannot otherwife — 
be accounted for, than by an extraordinary refrac- 
tion of the Snn’s rays pafling through the cold 
denfe air in that climate. Kepler computes that 
the Sun was almoft five degrees below the Horizon 
when he firft appeared ; and confequently the re- 
fraction of his rays was about nine times greater 
than it is with us.” * 


184. The Sun and Moon appear of an_ oval 
figure, as FCG D, jut after their rifing, and be- 
fore their fetting: the reafon of which is, the re-_ 
fraction being greater in the Horizon than at any 
diftance above it, the lower limb G is more ele- 
vated by it than the uppermoft. But although the » 
refraction fhortens the vertical Diameter JG, it has 


* The Editor has had many inftances of, the refractive 


power of the Atmofphere, and calculated a table of the mean 


refraction, for a place where he made a great number of 
observations for this purpofe. ; | 
: 2 “a 


y : 


! Concerning the Atmofphere. 
no fenfible effect on the horizontal Diameter C D, 
which is all equally elevated. When the refraction 
is fo fmall as to be impercepiible, the Sun and 
Moon appear perfeéily round, as 4. E B F. 


785. We daily obferve, that the objects which 
appear moft diftnét are generally thofe which are 
nearcft to us;‘and confequently, when we have 
nothing but our imagination to affift us in eftimat- 
ing of diftances, bright objects feem nearer to us 


/ 
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Our imagi- 
nation eane 
not judge 

rightly of 

the diftance 
of inacceffi- 
ble objects. 


than thofe which are lefs bright, or than the fame | 


‘objects do when they appear lefs bright and worfe 


defined, even though their diftance in both cafes: 


be the fame. And if in both cafes they are feen 


under the fame Angle*, our imagination natu- 
rally 


_ * An angle is the inclination of two right lines, as I H and 
K H, meeting in a point at H; and in defcribing an angle by 
three letters, the middle letter always denotes the angular 
point: ‘thus, the above lines Hand K meeting each other 
at H, make the angle 1H K; and the point H is fuppofed to 
be the center of a Circle, the circumference of which contains 
360 equal parts, called degrees. A fourth part of a Circle, 


called a Quadrant, asG E, contains go degrees; and every_ 


Angle is meafured by the number of degrees in the Arc it cuts 
off; as the Angle EH Pis 45 degrees, the Angle EHF 33, &c. 
and fo the Angle E H F is the fame with the Angle CH N, and 
alfo with the Angle A H M, becaufe they all,cut off the fame 
Arc or portion of the Quadrant EG; but.the Angle E.H F 
is greater than the Angle C H D or AH L, becaule it cuts off 
a greater Arc. | 


The nearer an object is to the eye, the bigger it appears, 


and itis feen under the greater Angle. ‘To illufirate this a 
- Jittle, fuppofe an Arrow in the pofition LK, perpendicular to the 
_ fight line H A, drawn from the eye at H through the middle of 
the Arrow at 0. It is plain that the Arrow is feen under the. 
Angle JH K, and that H 0, which is its diftance from the eye, 
divides into halves both the Arrowand the Angle under which 
jt is feen, viz. the Arrow into 10, OK; and the Angle into 
— THOand K HO: and this will be the cafe whatever diitance 
the Arrow is placed at. Let now theee Arrows, all of the fame 
length with I K, be placed at the diftances H A, HC, H £, ftill 
perpendicular to, and bifected by the right line 4 A ; then will 
AB, CD, EF, be each equal to, and reprefent 0 J; and A B, 
(the fame as O J) will be feen from H under the Angle AHB; 
but CD (the fame as O J) will be feen under the Angle CHD, 
or AHL; and EF (the fame as 0 J) will be feen under the 
fe cE H4 | Angie 


Fig. V. 
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Nor always 
of thoie 


.. ‘which are 


acceffible. 


The reafon 
afiened. 


: The Phenomena of the 
rally fuggefts an idea of a greater diftance between | 
us and thofe objects which appear fainter and — 
worfe defined than thofe which appear brighter 
under the fame Angles; efpecially ifs they be fuch 
objects as We were never near to, and of whofe 
real Magnitudes we can be no judges by fight. 
186. But, it is not only in judging of the dif 
ferent apparent Magnitude of the fame objects, 
which are better or worfe defmed by their beng 
more or lefs bright, that we may be deceived : for 
we may make a wrong conclufion even when we 


‘view them under equal degrees of brightnefs, and 


under equal Angles; although they be. objects 
whofe bulks we are generally acquainted with, 
fuch as houfes or trees; for proof of which, the 
two following inftances may fuffice: | | 
Firft, When a houfe is feen over a very broad 
river by a perfon ftanding on a low ground, who 
fees nothing of the river, nor knows of it before 
hand; the breadth of the river being hid from 
him, becaufe the banks feems contiguous, he lofes 
the idea of a difiance equal to that breadth; and 


- the houfe feems fmall becaufe he refers it to a lefs 


difiance than it really isat. But if he goes to a 
place from which the river and interjacent ground 
can be feen, though no farther from the houfe, he 
then perceives the houfe to be at a greater diftance 
than he imagined ; and therefore fancies it to be 
bigger than he did at firft; although in both cafes 
it appears under the fame Angle, and confequently 
makes no bigger picture on the retina of his eye 
in the latter cafe than it did in the former. Many 
have been deceived, by taking a red coat of arms, 
fixed upon the iron gate in Clare-fall walks at 

| : land tea Cambridge, 
Angle EHF, or CHN, or AHM. Alfo EF, or OF, at the di- 
fiance HE, will appear as longas O Nwould at the diftance JIC, 
or as A Mf would at the diftance JJ.4; and CD, or LO, at the | 


‘diftance HC, will appear as long as AL would at the diftance. 


“HIA.  So-that as an. obje& approaches the eye, both its 


- Magnitude and the Angle under which it is feen increafe ; 


and the-contrary as the object recedes, | 


| * | 
Horizontal Moon explained, . Polo og 


Cambridge; for a: brick ‘houfe at a much greater PLATE IL 

diftance * , 
Secondly, In fogey weather. mH firlt ficht, we 

generally imagine a {mall houfe which is “jutt at 

hand, to bea great cafile at a diftance; becaufe it 

appears fo dull and ill-defined when “plits through 

the Mift, that we refer it to a much greater di-_ 

fiance than it really is at; and therefore, under the 

fame Angle, we judge it to be much big eger. For; 

the near objeét FE, feen by the eye A BD, appears Fig. x11 

under the fame Angle G CH that the remote ob- 

ject GHT does: and the raysGPCN and ECM, 

crofling one another at C in the pupil of the eye, 

limit the fize of the picture AZN on the retina, 

which i is the picture of the object FE; and if F E 

were taken away, would be the piéture of the ob- 

jet GH, only worfe defined; becaufe GHI 

‘being farther off, appears duller ned fainter than _ 

FE did. ‘But when a Fog, as K L, comes. be- 

tween the eye and the object IE, the object ap- 

pears dull and ill-defined Tike GH; which caufes 

our imagination to refer FE to the greater di-_ 

ftance CH, inftead of the fmall diftance CE, ‘hich 

it really is at. And confequently, as mif-judging. 

the diftance does not in the leaft diminith the | 

Angle under which the object appears, the {mall 

| hay-rick LE feems to he i as big as GiLT, | 


*The elds which are peat gate rife gradually till they ° 
are juftfeen overit; and the arms being red, are often miftaken 
for a houfe at a confiderable diftance in thofe fields. 

I once met with a curious deception in a Gentleman’s garden 
at Hackney, occafioned by a large pane of glafs in the garden- 
wall at’ fome diftance from his houfe. The glats. (through 
' which the fky was feen from low ground) reflected a very 
faint image of thy Houle; but the image feemed to be in the | 
Clouds near the: Horizon, and at that diftance looked as.if it 
were a huge cafile in the Air. Yet the Angle, under which 
the i image ‘appeared, was equal to that uader which the houfe 
‘was feen: but the image being mentally referred to a much 
greater diftance than the boule, appeared much bigger to the 


magi ination, : 


137. The 
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Why the 
Sno and 
Moon ap- 
pearbigset 
in the Ho- 
rizon. 


Their ap- 
parent Dia- 
meters are 
not lefs on 
the Meri- 
oaianthanin 
the Hori- 
zon. . 


The Phenomena of the Horizontal Moon, &c. 


187.-The Sun and Moon appear bigger in the 
Horizon than at any confiderable height above it. 
Thefe Luminaries, although at great diftances 
from the Earth, appear floating, as it were, on the 
furface of our Atmofphere HGFfcC, a little way 
beyond the Clouds; of which, thofe about F, 
direétly over our heads at £, are nearer us than 
thofe about H/ or e in the Horizon HEe. There- 
fore, when the Sun or Moon appear in the Hori- 
zon at e, they are not only feen in a part of the 
Sky, which is really farther from us than if they 
were at any confiderable Altitude, asabout f; but 
they are alfo feen through a greater quantity of 
Air and Vapours at e than at Ff. Here we have 
two concurring appearances which deceive our 
imagination, and caufe us to refer the Sun and 
Moon to a greater diftance at their rifing or fet- 
ting about e, ‘than when they -are confiderably 
high asat /: firfi, their feeming to be on a part 
of the Atmofphere at e, which is really farther 
than f from a fpectator at E; and fecondly, their 
being feen through a grofier medium, when at e, 
than when at fs ow hich, by rendering them dim- 
mer, caufes us to imagine them to be ata yet 
greater difiance. And as, in both cafes, they are 
feen * much under the fame angle, we naturally 


judge them to be biggeft when they feem fartheft 


from us; like the above-mentioned houfe, § 186, 
feen from a higher ground, which fhewed it to be 
farther off than it appeared from low ground; or 
the hay-rick, which appeared ata greater diftance © 
by means of an interpoling Fog, 


188. Any one may fatisfy himfelf that the Moan 
appears under no greater Angle in the Horizon 
than on the Meridian, by taking a large theet of 
paper, and rolling it up in the form of a Tube, 


* The Sun and Moon fubtend a greater iAnete on the Meri- 
dian than in the Horizon, being nearer the Obferver’s Place 
in the former cafe than in the latter. This apparent inereafe 


of the Moon’s femi-diaimeter is called the augmentation, —kd. 


10 of 


_» s . 
mate 
Fee 7: - 
Ee ay Seton 


i Re 4 
‘ ss 


| 


Q 
Os ae 
4, 
"0, 


| 


| 
: 


NEE / ————— a 
0 : =| ; 
ee 
. ee ———————— eos 
LS G 
D —— ‘ 


ul 


| 


| 
i 


ti 


OR 
rea 


-_——— == 


4 
Y 


\ 
' 


See 
< J 


a 


Wi) 


LIK 


la 
4 
/ , 
7 o 
We e, 
; S 
/ 
/ + 
0) 
Pid 4 
/ 
/'d . c) 
, a 
/ a a) 
[Rp 
, de 0 


HN 
ay a. 


OT 

e. 
AY 
aul 


y gg 7‘ 


= 
aa 


Nears 
a 
I 


AY 


YQ 
S 


3 
oe tn 
toh LET tert 


= 


Wii 


le: 
A 


i 


ae, 


td 


ey, 


? 


Pa, 


a — 
Wii 


ree eee em ee eee ee 


we Lerguion aelin. 


Method of finding the Difiances of the Sun, &. 


of fuch a width, that obferving the Moon through 
it when fhe rifes, fhe may, as it were, juft fill the 
Tube; then tie a thread round it to keep it of 
that fize; and when the Moon comes to the Meri- 
dian, and appears much lefs to the eye, look at 
her again through the fame Tube, and fhe-will full 
it juft as much, if nut more, than fhe did at her 
rifing. .- 


her leaft diftance from the Earth, fhe is feen under 


a larger Angle, and muft therefore appear bigger - 


than when fhe is full at other times ; and if that 
part of the Atmofphere where the rifes be more 
replete with Vapours than ufual, fhe appears fo 
much the dimmer; and therefore we fancy her to 
be ftill the bigger, by referring her to an unufually 
great diftance, knowing that no obje¢is which 
are very far diftant can appear big unlefs they be 
really fo. 3 ‘pup at 


CHAP. IX, 


“The Method of jinding ihe Diftances of the Sun, 
| Moon, and Planets. 


go. TT HOSE who have not learnt how t¢ 
take the * Altitude of any Celettial 
Phenomenon by a common Quadrant, nor know 
PASAY ak eee : 3 aby 

* The altitude of any ceileftial Obje@ is an Are of the 
Sky intercepted between the Horizon and the Object. In 
Fig. VI. of Plate II. let HOX be a horizontal line, tuppefed 


_ to be extended from the eye at A to X, where the Sky and 
Earth feem to meet at the end of along and level plain; and let 


Sbe the Sun. The Arc X¥ will be the Sun’s height above - 


the Horizon at X, and is found by the initrument ECD, which 
isa quadrantal board,.ar plate of metal, divided into goequal 
parts or degrees on its limb DPC, and has a couple of little 


brafs plates, as a and 6, with a fmall hole in each of them, 


called Sight-Holes, for looking through, parallel to the bdge of 
the Quadrant which they ftand on. ‘To the center E 8 fixed 
one end ofathread F, called the Plumb-Line, which hata {mall 
‘weight or Plummet P fixed to its other end. Nov, if an 
ebferyer holds the Quadrant upright, without inclining it to 

: at | either 


189. When the full Moon is in perigee, or at 
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, UPLATE 
é LV. 


any thing of plam Trigonometry, may pafs over. 

the firft Article of this {hort Chapter, and ‘take the 
Afironomer’s word for it, that the diftancesof the | 
Sun and Planets are as ftated in the firft Chapter 


- of this Book.’ But, to every one who knows how 


Fig. 1. 


~~ 


ou the oher. 


to take the Altitude of the Sun, the Moon, or a 
Star, and can folve a right-angled plane Triangle, 
the following method of finding the diftances of 
the Sun and Moon will be eafily underftood. 

Let BAG be one half of the Earth, 4 C ‘ts 


‘femi-diameter, S' the Sun, m the Moon, and EKOL, 


a quarter of the Circle defcribed by the Moon 
in revolving from the Meridian to’ the Meridian 
again. “ Let CRS be the rational Horizon of an 
obferver at 4, extended to the Sun in the Hea- 
vens; and AO his fenfible Horizon, extended to 
the Moon’s Orbit. 4ZC is the Angle under which 
the Earth’s femi-diameter 4C is feen from the 
Moon at LZ; which is equal to'the Angle O4Z; 
becaufe the right-lines 4O and CL, which include 


- both thefe Angles, are parallel. ASC is the Angle 


under 


either fide, and fo that the Horizon at X is feen through the | 
fight-holes @ and 5, the plumb-line. will cut or Hrang over the 
beginning of the degrees at 0, in the edge EC; But if he ele- 
vetes the Quadrant fo as to look through the fight-holes at any 
part of the Heavens, fuppofe the Sun at S, juft fo many de- | 
grees as he elevates the ight-hole b above the horizontal line 
4i0X, fo many degrees will the plumb-line cut in the limb 


CF of the Quadrant. For, let the obferver’s eye at A be in 


the center of the celeftial Are XYV (and he may be faid to be _ 
in the center of the Sun’s apparent diurnal Orbit, let him be 

on what part of the Earth he will) in which Arc the Sun is. 
at that time, fuppofe 25 degrees high, and let the obferver 
holdthe Quadrant fo that he may fee the Sun through the 
fight-roles; the plumb-line freely playing on the Quadrant 
will cit the 25th degree in the limb CP, equal to the number 
of decrees of the Sun’s Altitude at the time of obfervation.. 


| NN. B. Whoever looks at the Sun muft have afmoked  glafs 


before his eyes, to fave them’ from hurt. The better way is 


not to look at the Sun through the fight-holes, but to hold 


the Quidrant facing the eye at a little diftance, and fo that 
the Sun fhining through one hole, the ray may be feen to fall 


\ 


age of the Sun, Moon, and Planets, 


under which the Earth’s femi-diameter 4 C is feen ° 
from the Sun at S, and is equal to the Angle 0.4 f, 


becaute the lines ‘A Oand CR S'are parallel, Now 
it is found-by obfervation, that the Angle O 4 Lis 
much greater than the Angle O df; but O.4 L is 
equal to 4d LC, and OAfis equal to ASC. Now, 
as 4S C'is much lefs than A LC, it proves that the 
Karth’s femi-diameter d C appears much greater as 


feen from the Moon at L, than from the Sun at: 


5; and therefore the Earth is much farther from 
the Sun than from the Moon*. The Quantities 
of thefe Angles may be determined by obfervation 
in the following manner :, 
Let a graduated inftrument, as DAE, (the larger 


the better) having a moveable Index with Si ght- 
holes, be fixed in fuch a manner, that its plane 


{urface may be parallel to the plane of the Equator, 
and its edge, d D inthe plane of the Meridian: {0 
that when the Moon is in the Equinoétial, and on 


- the Meridian A D.E, the may be feen through the » 


fight-holes when the edge of the moveable index 
cuts the beginning of the divifions at 0, on the gra- 
duated limb D E.. sand when the is fo feen, let + the 
' precife time be noted. Now, as the Moon revolves 
~ about the Earth from the Meridian to the Meridian 


> again in about 24 hours 48 minutes, fhe will goa 


fourth part round it in a fourth part of that time, 
viz.in 6 hours 12 minutes; as feen from C,.that 
As, from the Earth’s center or Pole. But as feen 
from 4, the. obferver’s place on the Earth’s, fur- 
face, the Moon will feem to have gone a quarter 
round the Earth when fhe comes to the fenfible 


Horizon at O ; for the Index through the fights °~ 


of which fhe is then viewed. will be at d, 90 “de- 
grees from D, where it was when fhe was feen at 
E... Now, let the exact moment. when the Moon 
is feen at O (which will be when fhe is in or near 


* See the Note on § 185, 


atk 
‘ the. 
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PLATE the fenfibe Hor izon) be carefully noted *, that it 
may be known in what time fhe has gone from E 

TlieMoon’s (0 Qs which time fubtra@ted from 6 hours 12 

horizontal minutes (the time of her going from O to L) leaves 

a ra the time of her going from Oto L, and affords an 
eafy method for “Riding the Angle OAL (called 
the Moons Horizontal Par allax, which is equal to 
the Angle 4 LC) by the following Analogy: As 
the time of the Moon’s s defcribing the Arc EO is 
to go pip fo is 6 hours 12 minutes to the de- 
grees of the Arc D de} which meafures-the Angle 
bak 3 from which fibirad. go degrees, and there 
remains the Angle O.4 L,equal to the Angle ALC, 
under which the Earth’s femi-diameter A Cis feen 
from the Moon. Now, fince all the Angles of a 
right-lined ‘Triangle are equal to 180 degrees, or 
to two right Angles, and the fides of a Triangle 
are always proportional to the Sines of the oppo- 

TheMoon’s fite Angles, fay by the Rule ef Three, as the Sine 

saree i of the Angle A LC, at the Moon ZL, is to its oppo- 
fite fide AC, the Earth’s femi-diameter, which, is 
known to be 3985 miles, fo is Radius, wiz. the 
Sine of go degrees, or of the right Angle 4 LC, 
to its oppofite fide A D, which 1s the Moon’ s dif- 
tance at L from ee obferver’s place at A on the 
Farth’s furface ; or, fo is the Sine of the Angie 
CAL to its sapouee fide CL, which is the Moon’ s 
diftance from:the Earth’s center, and comes out 
at a mean rate to be 240,000 miles. The Angle 
C AL is equal to what O 4 L wants of go degrees. 


The Sun's 191. The Sun’s diftance from the Earth might 
diftance be found the fame way, though with more diffi- 


cannot be - 


yetfoex. culty, if his horizontal Parallax, or the Angle OAS, 
aclly deter- equal to the Angle 4 SC, were not fo {mall, as 


mined as 


theMoon’s. to be hardly perceptible, being fcarce 10 feconds 
of a minute, or the 360th part of a degree. But 


* Here proper allowance muft be made for Refra@ion, 
which being about 34 minutes of a degree in the Horizon, will 
‘caufe the Moon’s center to appear 33 Tninutes above the Hori- 
gon when her center is really in it. 


| ) Bis Re 


vt 


Of the Sun, Moon, and Planets. . 
the Moon’s horizontal Parallax, or Angle O 4 L, 


equal tothe Angle A.C, is very difcernible, be- 


ing 57° 18%, or 3438” at its mean ftate; which is 
more than 340 times as. great as the Sun’s: and, 
therefore, the diftances of the heavenly bodies 
being inverfely as the Tangents of their horizontal 
Parallaxes, the Sun’s diftance fromthe Earth is 
at leaft 340 times as great as the Moon’s; and is 


rather underrated at 81 millions of miles, when — 


the Moon’s diftance is certainly known to be 240 
thoufand. But becaufe, according to fome Aftro- 
nomers, theSun’s horizontal Parallax is 11 feconds, 
and according to others only 10, the former 
Parallax making the San’s diftance to be about 


75,000,000 of miles, and the latter 82,000,000; 


we may take it for granted that the Sun’s diftance 
is not lefs than as. deduced from the former, nor 
more than as fhewn by the latter: and every one, 


who is accuftomed to make fuch obfervations, - 


kuows how hard it is, if not impoffible, to avoid 
an error of a fecond, efpecially on account of the 
inconftancy of horizontal Refractions. And here 
the error of one fecond, in fo fmall an Angle, will 


make an error of 7 millions of miles in fo great a 


difiance as that of the Suu’s. But Dr. Hatiey 


has fhewn us how the Sun’s diftance from the 


Earth, and confequently the diftances of all the 
Planets from the Sun, may be known to within 


a 500th part of the whole, by a Tranfit of Venus 


over the Sun’s Dife, which will happen on the 6th 


the Cubes of their Diameters; whence, if the Sun 


of Fune, in the year 1761; till which time we muft 
content ourfelves with allowing the San’s diftance 


_ to be about 81 millions of miles, as commonly 


{tated by_ Aftronomers. 

192.. Phe Sun and Moon appear much about 
the fame bulk: and every one who underfiands 
Geometry, knows how their true bulks may be 


deduced from the apparent, when their real dif- 


tances are known. Spheres are to one another as 


be 


How near 
the, truth 
may faona 
be deter-. , 
mined. 


The Sua 
proved to 
be much 
bigger than 
the Moon. 


aig Method of. finding, the Diftances,of the. Sun, &e.  * 


be 8r millions of miles from the Earth, to appear — 
as big as the Moon, whofe :diftance does not ex- | 

ceed 240. thoufand miles, he muft. in folid bulk 
be. 42 millions 875 tagudong times as 3 cbigi: as sie 


Moon. 
‘193. The hor onal Parallaxes are beft obferved - 
at the Equator; 1.’ Becaufe the heat is fo nearly . 


equal every day, ‘that the Refraétions are almott 
contiantly the fame. 2. Becaufe the parallactic 
Angle is greater there, as at 4 (the diftance from 
thence to the Earth’s Axis being greater), than 
upon-any parallel of Latitude, as a@ or | 


/ 


phere. ea The Earth’s diftance from the Suni being 
taneesor determined, the diftances of all the other Planets 
the Manets from him are eafily found by the. following ana- 
rom the 
Sunare logy, their periods round him being afcertained by 
Known to _obfervation.» As the fquare of the Earth’s period. 
Pudrhierk round the Sun is to the eube of its diftance from 
tivn the Sun, fo is the fquare of the period of any other 
are not well Planet.to the cube of its diflance, fuch parts: or 
known.  meafures as’ the Earth’s diftance’ was taken; fee 
~§ art. [his proportion gives the relative mean 
diftances of the Planets from the Sunito the great- 
oft degree of exatinels; and they/are as follows, ’ 
having been deduced trom their: périodical times ; 
according to the law juft mentioned, which was 
difcovered by Kepier; a demonfirated by Sir , 


Isaac NewrTon * 


* All the following calculations on the next page, except — 
thofe in the two laft lines before § 195, were printed in former ~ 
editions of this work, before the year 1761. Since that time, 
the faid two lines (as found by thé Tranfit A.D. ayer were 

added ; and alfo 4195: 


Periodical | 


\ 


‘The Periods and Diftances of the Planets. 413 
riodical Revolutions to the fame fixed Siar, in. days and decimat 


| . parts of a day. \ 
“ury Venus | The Earth Mars Jupiter. Saturn Georgian ~ 
9692 | 224.6176 | 365.2564 686.9785 | 4332-514 1079,275 304.56.07 
' | Relative mean diftances from the Sun. - ) 
8710]: 72333] 100000 | 152369]. 520096 | 954006 | 1908580 


rom thefe numbers we deduce, that if the Sun’s horizontal Parallax be 10”,-the 
real mean diftances of the Planets from the Sun in Englifh Miles, are 

2,200 | 59,323,060 | 82,000,000 | 1245942,680 | 426,478,720 | 782,284,920 | 1,565,035,600 

But of the Sun’s Parallax be 11", their ditances are no more than 

2500 | 54,233,570 | 75,000,000 | 114,276,750 | 390,034,500 | 715,504,500 | 1,4314,425,000 

Errors in diftance arifing from the mifiake of 1” in the Sun’s Parallax. 

9,700 | 5,074,490 | 7,000,000 |. 10,665,830 | 36,444,220 | 66,780,420 |. 133,600,600 

ff from the late Tranfit of Venus, A. D. 1761, the Sun’s Parallax appears to-be 

| only 8 {353 and according to that, their real diftances in miles are f 

15468 | 68,891,486 | 95,173,127 | 145,014. 148 | 49429905976 | 907,956,130 | 1,816,455, 526 

\ ae - And their diameters, in’miles, are. 

3100 | 9360 | 797° | 5150] 94,100 | 772990 | 35,226 


‘ 195. Thefe numbers fhew, that although we 


have the relative diftances of the Planets from the 
Sun, to the greateft nicety, yet the beft obfervers 
could not afcertain their true diftances until the 
late long-wifhed-for Tranfit appeared, in ‘1761, 
which we muft confefs was embarraffed with leveral 
difficulties. But another Tranfit of Venus over the 
Sun has now been obferved, on the third of June, 
1769, much better fuited to the refolution of this 
great Problem than that in'r761 was; and the re-: 
fult of the obfervations does not differ materially 
from the refult of thofe in 1761. Another ‘Tran- 
fit will not happen till the year 1874. 


196. The Earth’s Axis produced to the Stars, 
being carried parallel * to itfelf during the Earth’s 
annual revolution, defcribes a circle in the Sphere 
of the fixed Stars equal to the Orbit of the Earth. | 
But this Orbit, though very large, would feem no vias 
bigger than a point if it were viewed from the Poles feem 


to keep 


‘Stars; and confequently the.circle defcribed in ain in the 


* By this is meant, that if a line be fuppofed to be drawn 
parallel to the Earth’s Axis in any part of its Orbit, the Axis 
keeps parallel to that line in every other part of its Orbit: as 
in Fig. I. of Plate V. where abcdefgh reprefents the Harth’s 
Orbit in an oblique view, and N's the’ Hartl’s Axis keeping 
__ always parallel to the line MN. at 
) Srey ) the’ 


~ 


it4 The amazing Veiocity of Light. 
fame points thé {phere of the Stars by the Axis of the Earth, — 
of the : < : 
Heavens, produced, if viewed from the Earth, muft appear 
ete. ng Dut as a point; that is, its diameter appears: too 
Farth'smo- little to be, meafured by obfervation: for Dr. 
the San BRADLEY has affured us, that if it had amounted 
_ to a fingle fecond, or. two at moft, he fhould have 
perceived it in the number of obfervations he 
has made, efpecially upon y Draconis ; and that it 
feemed to him very probable that the annual Pa- 
rallax of this Star is not fo great as a fingle fecond : 
and, confequently, that it is above 4oo thoufand 
times farther from us than the Sun. Hence the 
celeftial Poles feem to continue in the fame points 
of the Heaven throughout the year; which by 
no means difproves the Earth’s annual motion, but . 
plainly proves the diftance of the Stars to be ex- 
ceeding great, 3 


i 


197. The fmall apparent motion of the Stars, 

§ 113, difcovered by that great Afironomer, he 
found to be no ways owing to their annual Parallax 

(for it came out contrary thereto), but to the Aber- 

~ . vation of their light, which can refult from no 
~tknown -caufe befides that of the Earth’s annual 
motion; and as it agrees {fo exactly therewith, it 
proves, beyond difpute, that the Earth has fuch a. 
motion: for this Aberration completes all its va- 

The amaz- rious Phenomena every year; and proves that the 
ing velocity Velocity of ftar-light is fuch as carries it through a 

ght. 3 ee ; 

{pace equal to the Sun’s diftance from us in 8 mi- 
nutes 13 feconds of time. Hence the velocity of 
Light is* 10 thoufand 210 times as great as the 
Harth’s velocity in its Orbit; which velocity (from- 
what we know already of the Earth’s diftance from 

the Sun) may be afferted to be at leaft between 57 

and 58 thoufand miles every hour: and fuppofing 

it to be 58000, this number multiplied by 
10210, gives 592 million 180 thoufand. miles for 

the hourly motion of Light: which laft number 
divided by 3600, the number of feconds:in an 
it % Smirav’s Optics, § 1197. hour, -@ 


5 Of the different Seafons. | hae te 5 
hour, fhews that Light flies at the rate of more sa th 


than 164 thoufand miles every fecond oftirme, or 
fwing of a common clock pendulum. 


Cor APO. 


The Circles of the Globe defcribed. The different 
‘lengths of days and nights, and the vicifitudes of fea- 
ons. explained: The explanation of the Phenomena 
of Saturn’s Ring concluded, (See § 81 and 82.) 
198. | F the reader be. hitherto unacquainted 
with the principal circles of the Globe, he oe. 
fhould now learn to know them ;- which he may 
_ do fufficiently for his prefent purpofe i in a quarter 
of an hour, if he fets. the ball of a terreftrial 
Globe before him, or looks at the Figure of jit, Fig. u. 
’ wherein thefe circles are drawn and named. The. 
| Equator is that great’ circle which divides the Biase 
northern half of the Earth from the fouthern. Polar Cir- 
The Tropics are lefs, or fmaller circles parallel to $5,294 
the Equator, and each of them is 22% COTees yp). 4 
from it; a degree in this fenfe being the 96oth 
part of any ereat circle which divides the Earth 
into two equal parts. The Tropic of Cancer lies rig. ur. 
on the north fide of the Equator, and the Tropic 
of Capricorn on the fouth. The Aréic Circle has 
the North Pole for its center, and ‘is juft as far 
- from the North Pole as the Tropics are’ from the 
Equator : and the Aniarétic Circle (hid by the fup- 
pofed convexity of the figure) is juft as far from 
the South Pole every way round it. Thefe Poles . 
are the very north and fouth points of the Globe : 
and all other places are denominated northward or 
Jfouthward, according to the fide of the Equator 
they lice on, and the Pole to which they are neareft. 
‘The Earth’s Axis is a ftraight line pailing through farih’s 
the center of the Earth, perpendicular to the 4s 
‘Equator, and terminating in the Poles at- its fur- 
face. This, in the real Earth and Planets, is only 
an imaginary line; but in artificial Globes or Pla- 
nets it is a wire by which they are fupported, and. 
I2 a 
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aaah ’ turned round in Orreries, or fuch like machines, 
__. by. wheel-work. The circles 12. 1. 2..9.°4. &¢. 
are Meridians to all places they pafs through ; and 
we mutt fuppofe thoufands more to be drawn, be- 
caule every place, that is ever fo little to the eaft ar 
weft of any other place, has a different meridian 
from that other place. Ail the Meridians meet in 
the Poles ; and whenever the Sun’s center is pafling 
over any Meridian in his apparent motion round 
the Earth, it is mid-day or noon to all places oh — 
that Meridian. 


‘vonniag 199. The broad Space lying between the.Tro- 
pics, like a girdle furrounding the Globe, is called — 
the torrid & Sone, of which the Equator is in the mid. — 
dle-all around. The Space between the Tropic of 
Cancer and Arctic Circle, is called the North tem- 
peraie Zone. .That between the Tropic of Capri- | 
corn nand the Antarétic Circle, the South femperate ‘ 
Zone. And the two circular Spaces bounded by the. 
Polar Cireles are the two frigid Zones ; denomi- - 
nated north or jouth, from that Pole which is in the — 

center of the one or other of them. 


Meridians. 


200. Having acquired this eafy branch of know- — 
‘ledge, the learner may. proceed to make the fol-. 
lowing experiment with his terreftrial ball; which — 
- _will givehim a plain idea of the diurnal and an-— 
‘nual motions of the Earth, together with the dif- 
ferent lengths of days and nights, and all the beau- 
tiful variety of fealons, depending on thofe mo- 
', tions. a 
Pie. Hit, ‘Take atiott feven feet of {trong wire, an ey if 
Hg A ea it intoacircular form, as abc d, which being viewed 
fpewingthe Obliquely, appears ‘elliptical as in the Figure, * 
nh Cae Place a lighted candle on a table, and having fixed 
daysand one end“of-a filk thread K, to the’north Pole of a” 
ae acecw {mail terrefirial Globe H, about three inches dia-~ 
of feafonss meter, caufe another perfon to hold the wire” 
circle, fo that it may be parallel to the table, and ~ 
as high as ithe flame of the soa a J, which fhould 


| beg 
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Be in or near the center. ‘Then, having twifted 
the thread as towards the left hand, that by un- 
twifting it may turn the Globe round eaftward, or 
contrary ‘to the way that the hands of a watch 
move, hang the Globe by the thread within this 
circle, almoft contiguous to it; and as the thread 


~ untwifts, the Globe (which is enlightened half 


round by the candle as the Earth is by the Sun) 
will turn round its Axis, and-the different places 
upon it will be-carried through the hght and dark 
Hemifpheres, and have the appearance of a regular 


fucceffion of days and nights, as our Earth has in> 


reality by fuch a motion. As the Globe turns, 
move your, hand flowly, fo as to carry the Globe 
round the candle according to the order of the 


_ letters abcd, keeping its centereven with the wire 


- eircle; and you will perceive, that the candle, 
being till perpendicular to the Equator, will en- 


lighten the Globe from pole to pole in its whole — 


motion round the circle; and that every place on 
the Globe goes equally through the light and the 
dark, as it turns round by the untwilting of the 
thread, and therefore has a perpetual Equinox. 
The Globe thus turning round reprefents the 
Earth turning round its Axis; and the motion of 
the Globe round the candle reprefents the Earth’s 
annual motion round the Sun, and fhews, that if 
the Earth’s Orbit had no inclination to its Axis, all 


the days and nights of the year would be equally” 
long, and there would be ‘no different feafons, 


But now, defire the perfon who holds the wire to 
hold it obliquely in the pofition ABCD, raifing 
the fide = juft as much as he deprefles the fide 
yp, that the flame may be ftill in the plane of the 
circle; and twifting the thread as before, that the 
Globe may turn round its Axis the fame way as 
you carry it: round the candle, that is from weft 
to eaft; let the Globe down ‘into the lowermolt 
_ part of the wire circle at, yw, and if the circle be 
properly inclined, the candle will fhine perpendi- 

i a Me ewes Ny. ee cularly 


\ 
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summer cularly on the Tropic of Cancer, and the frigid 

—  &one, lying within the arétic or north polar. Circle, 
will be all in the light, as in the Yigure; and will 
keep in the light, let the Globe turn round its Axis 

ever fo often. From the Equator to the north. 
polar Circle all the places have longer days and 
fhorter nights ;- but from the Equator to the fouth’ 
polar Circle juft the reverfe. The Sun does not 
fet to any part of the north frigid Zone, as fhewn 
by the candle’s fhining on it, fo that the motion of 
the Globe can carry no place of that Zone into the. 
dark: aad at the fame time the fowth frigid Zone is 
involved in darknefs, and the turning of the Globe 
brings none of its places into the light. If the . 
Earth were to continue in the like part of its. 

_ Orbit, the Sun would never fet to. the inhabitants ny 
of the north frigid Zone, nor rife to thofe of the 
fouth. At the Equator it would be always equal 
day and night ; and as places are gradually more. 
and more diflant from the Equator, towards the ~ 
arctic Circle, they would have longer days and 
thorter nights; while thofe on the fouth fide of 
the Equator would have their nights longer than 
their days. In this cafe there would be continual - 
fummer on the north fide of the Equator, and con- 
tinual winter on the fouth fide of it. ; | 

But as the Globe turns round its Axis, move 
your hand flowly forward, fo as to carry the Globe 
from H towards E, and the boundary of light and 
darknefs will approach towards the north Pole, 

; | and recede from the fouth Pole; the northern 
\ places will go through lefs and lefs of the light, 

| and the fouthern places through more and more. 
of it; fhewing how the northern days decreafe in 

length, and the fouthern days increafe, while the - 

Autumnal Globe proceeds from H to E. When the Globe — 
Pai ig atl Fe it is’ab a” meanctate between jithe loweft -— 
"4 and higheft parts of its Orbit ; the candle is di- 
rectly over the Equator, the boundary. of light 

and darknefs juft reaches to both the Poles, and 

ek a | eae all 
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all places on the Globe go equally through the 
light and dark Hemifpheres, {héewing that the 
days and nights are then equal at all places of the 
' Earth, the Poles only excepted; for the Sun is 
then fetting to the north Pole, and rifing to the 
fouth Pole. 
Continue moving the Globe forward, and as it 
goes through the quarter A, the north pole recedes 
ftill farther into the dark Hemilphere, and the 
' fouth Pole advances more into the light, as the 
Globe comes nearer to 3: and whew dh, comes 
there at F, the candle is direétly over the Tropic 
of Capricorn, the days are at the fhorteft, and Winer. 
hts at the longeft, in the northern Hemifphere, 
a ll the way from the Equator to the arctic Circle; 
and the reverfe in the fouthern Hemifphere from 
' the Equator to the antarctic Circle ; within which 
Circles it is dark to the north frigid Zone, and 
light to the fouth. | 
 Cameahune both motions, and as the Globe moves 
through the quarter B, the north pole advances 
towards the light, and the fouth Pole towards 
the dark; the days lengthen in the northern He- 
mifphere, and fhorten in the fouthern; and when 
the Globe comes to G, the candle will be again 
over the Equator, (as when the Globe was at 
E,) and the days and nights will again be equal 
as formerly ; and the Haxth Pole. will be juft Vernal 
coming into the light, the fouth Pole going out *™* 
of ity. ‘ 


Thus we fee the reafon why the days lenothen 
and fhorien from the Equator to the polar Circles - 
every year; why there is fometimes no day or night 
for many turnings of the Earth, within the polar 
_ Circles; why there is but one day and one night — 
- Inthe whole year at the Poles; and why the days 
and nights are equally long all the year round at 
the Equator, which is always equally cut vy the 
circle bounding light and darknefs. °° 

raat 7 201, The 
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‘201. ‘The inclination of an Antic or Orbit 4 is 


, sieiels relative, becaufe we compare it with fome 


iF e: TET, 


PLATE V. ~ 


Fig. I. 


other Axis or Orbit which we confider as not in- 
clined at all. ‘Thus, our Horizon being level to 
us, whatever place of the Earth we are upon, we 
confider 1t_as having no inclination; and yet, if 
we travel go degrees from that place, we fhall then. 
have a Horizon perpendicular to the former, but 


at will ftill be level to us... And if this book be 


held fo that the * Circle ABCD be parallel to the 
Horizon, both the Circle abcd, andthe Thread 
or axis K, will be inclined to it. But if the Book 


or Plate be held fo that the Thread be perpendi- 


cular to the Horizon, then the Orbit 4 BC D will 
be inclined to the Thread, and the Orbit abcd 
perpendicular to it, and parallel to the Horizon. 

We generally confider the Earth’s annual Orbit as 
having uo inclination, and the Orbits of all the 
other Planets as inclined to it, § 20, . Gate 


202.., Let us now take a view of the Earth in . 
its annual courfe round the Sun, confidering its 
Orbit as having no inclination, and its Axis as 
inclining 233 degrees from a line perpendicular to 
the plane of its Orbit, aud keeping the fame ob- 


lique direction in all parts of its annual courfe; or, 


as commonly termed, keeping sea parallel to 
itfelf, § 196. | 

Let as 0,-¢, ds e sf 85h, be: the Earth in eight 
different parts of its Sorbie equidiftant from one 
another; Ns its Axis, N its north Pole, sits fouth 
Pole, sith S the Sun neatly i in the center of the 
Earth’s Orbit, § 18. As the Farth goes round the 
Sun accor ding to the order of the-letters abcd, &e, - 


* All Circles. appear Slliptienl; in an tase view, as.is evi- 
dent by looking g obliquely at the rim ofa baion. For the true 
figure of a Ciete can only be. feen when the | eye 18 directly over 
its center. The more obliquely it is viewed, the more ellip- 
tical it appears, until the eye be in the fame plane with it, and 


then it apa like a ftraight line, 


its 


‘othe 
eas 


tS 


Plate-Vi. 


SO 
WS \ 
NS S 


N 
\ \\ \ \ 
i ww 
Sy hy / \ 
¥~¥% Y a a 
{ff By re, 
"od GUY “See =. 

|| /2F TL 2 
i hoy fy 

abe y FPS i] 

i | B 

 OINTA 

| JEW Ay Ye 

WEA aw, a | Ae 

7k. mY j HUN iN ; 
ae ienee eae || Cem 

ed ee er), alte a 

4 i? Pi il Tl \ : ) | fla] even = re hig, . . 

PAB SES WX se SH K||_ | 3 i iy wl | H 

ae iN), al \ i 

Pe Nes |) 4 Hl 

| ae i nil \>& ARTY My 7 

(Ca 7 “SH 

|= 1 AT call fare ee : eT F 

| eG ~ en dt ie 2K : 
| \ee mL ZZ = 

: V vi WS Z 


AA . \ WY, Y yy Ly 
SNAG _ Yi 
WN SK - Yyy YY 
a. SNe fe, 
RX GGA SK ‘Wy L, hi) --~ 
CO Ne aan ge 
: SS . . LLL 


7. Mynde ye 
s 7s Lirgnpen deli. 


- 


Of the different Seafons. dea ae 


its Axis N's keeps the fame obliquity, and is {till pLate v, 
parallel to the line JZ N s.. When the Earth is at 4 concite 
a, its north pole inclines towards the Sun 5, and view ofthe 
brings all the northern places more into the light es ht 
than at any. other time of the year, But when the 
Earth is at e in the oppofite time of the year, the’ 
north Pole declines from the Sun, which occafions 

the northern places to be more in the dark than in 

. the light; and the reverfe at the fouthern places, 

as is evident by the Figtre, which I have taken 

from Dr. Lone’s Atironomy. When the Earth 

is either at c or g its Axis inclines not either to 

or from the Sun, but lies fidewife to him; and 

then the Poles are in the boundary of light aad 
darknefs;. and the Sun, being directly. over the 
Equator, makes equal day and night at all places, 

When the Earth is at 0, it is half-way between 

the Summer Solftice and Harveft Equinox ; when 

it is at d, it is halfway from the Harvelt Equinox 

to the Winter Solitice;, at. f{ half-way. from. the 
Winter Solftice to the Spring Equinox; and at /, 
half-way from the Spring Equinox to the Summer 

_ Solitice, 


303: Frotntthis baie view of the Earth’s Fig. 1 
Orbit, let us fuppofe ourielves to be raifed far above 
it, and placed juft over its center S, looking down 
upon it from its north Pole; and as the Earth’s 
Orbit differs but very little from.a Circle, we fhall 
have its figure in fuch a view reprefented by the 
Circle ABCDEFGH. Let us fuppofe this Circle 
to be divided into 12. equal parts, called Signs, 
having their names affixed to them: and. each 
Sign into 30 equa! parts. called Degrees, numbered 
10, 20, 30, as in the outermoit “Circle of the Thefeafong 
Figure, which reprefents the great ecliptic in the ae 
Heavens. The Earth is fhewn in eight different view of the 
. pofitions in this Circle, and in each pofition 5/0 eae Pepa 
the ap nntcty: Fi the ‘Tropic of elicens the dotted 

Circle 


( 


I22 


Vernal 
Equinox, 
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Circle the parallel of London, U the artic or north: 
polar Circle, and P the north Pole, where al! the 
Meridians or Hour Circles meet, § 198. As the 
Earth goes round the Sun, the north Pole keeps 
conftantly towards one part of the Heavens, as it 
does in the figure towards ‘the right-hand fide of. 
ithe: Plate.dace! uy Hi badd 

When the Earth is at the beginning of Libra; 
namely, on the 20th of March in this Figure (as 
at «in Fig. 1), the Sun 'S,.as feen from the Earth; 


appears at-the-beginning of Aries, in the oppofite 


part of the Heavens*, the north Pole is juft 
coming Into, the light, and the Sun is vertical to 
the Equator; which, together with the Tropic of 
Cancer, parallel of London, and arétic Circle, are 
all equally cut by the Circle bounding light and 
darknefs, coinciding with the fix-o’clock Hour- 
Circle, and therefore the days and nights. are 
equally long at all places: for every’ part of the 
Meridian 4 T’Lacomes into the light at fix inthe - 
morning, and revolving with the Earth according © 
to the order of the hour-letters, goes into the dark 
at fix inthe evening. ‘There are 24 Meridians or 
Hour-Circles drawn on the Eartli in this Figure, to 
fhew the time of Sun-rifing and fetting at different 
Seafons of the Year... - pay jan of ERD 
As the Earth moves in the Ecliptic according to 
the order of the letters 4 BCD, &c. through 
the Signs Libra, Scorpio, and. Sagittarius, the 
north Pole P comes more and more into the light; 
the days increafe as the nights decreafe in length, 
at all places north of the Equator 4 ; which is 
plain by viewing the Earth at 6.0on the 5th of May, 
when it isin the 15th degree of Scorpio +, and 


* Here we mutt fuppofe the Sun to be no bigger than an ~ 
ordinary point (as.) becaufe he only covers a Circle shalf a 
degree in diameter in the Heavens; whereas in the figure he 
hidesa whole Sign at once from the Earth. 

+ Here we mutt fuppofe the Earth to be a much fimaller point 
than that in the preceding note marked for the Sun, 


the 
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the Sun as feen from the Earth, appears in the 15th pratev. 
degree of Taurus. For'then, the Tropic of Cancer _ 
T isin the light from alittle after five in the morn- Fig.dL. 
ing till almoft feven in the evening: the parallel 
of London from half an hour paft four till half an 
hour paft feven ; the polar. Circle Y from three till 
nine; and a large.track round the north Pole P 
has day all the 24 hours, for many rotations of the 
Earth on its Axis. Red 3 

When the Earth comes to c, at the beginning 
of Capricorn, and the Sun, as feen from the Earth, 
appears at the beginning of Cancer, on the 21¢t 
of Fune, as in this Figure, it.is in the pofition a 
in Fig. 1; and its north Pole inclines towards the 
Sun, fo as to bring all the north Frigid Zone into 

the light, and the northern parallels of Latitude 
- more into the light than the dark from the Equa- 
tor to the polar Circle; and the more fo as they 
are farther from the Equator. The Tropic of 
Cancer is in the light from five in the morning - 
+ till feven at night; the parallel of London from a - 
quarter before four till a quarter after eight ; and 
the Polar Circle juft touches the dark, fo that the pa 
Sun has only the lower half of his Dife hid’ from sotice.. ” 
the inhabitants on that Circle for a few minutes 
about midnight, fuppofing no inequalities in the~ 
Horizon, and no refractions, : | | 
' A bare view of the Figure is enough to thew, 
that as the Karth advances from Capricorn towards 
Aries, and the Sun appears to move from Cancer 
towards Libra, the north Pole advances towards the 
dark, which caufes the days to decreafe, and the. 
nights to increafe-in length, till the Earth comes Autumnat 
to the beginning of Aries, and then they are equal *to» 
as before; for the boundary of light and darknefs _ 
cuts the Equator and all its parallels equally, or 
- in halves, The north Pole then goes into the 
dark, and continues in it until the Earth goes. 
half way round its Orbit; or, from the 23d of 
September till the 20th of March. In the middle, 

< between 


a24 


Bimter Sol- 
face. 
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between thefe times, 77. on the 22d of December, 
the north Pole is as far as it can be in the dark, 
which is 23% degrees, equal to the inclination of 
the Earth’s Axis from a perpendicular to its 


Orbit; and then the northern parallels are as 


— 


much in the dark as they were in the light on the 
2ift of June; the winter nights being as long as 
the fummer days, and the winter days as {hort as 
the fummer nights. _ It is needlefs to enlarge far- 
ther on this fubject, as we fhall have occafion to 
mention the feafons again in defcribing the Orrery, 


§ 307. Onl y this mutt be noted, that whatever has. 


been faid of the northern Hemifphere, the con- 


trary muit be underftood of the fouthern; fer on 


different fides.of the Equator the feafons are con- 
trary, becaufe, when the northern Hemifphere 
inclines towards the Sun,.the’ fouthern declines 
from him. | ve 


204, As Saturn: goes round the Sun, his ob- 
liquely pofited ring, like our Earth’s Axis, keeps 


_ parallel to itfelf, and is therefore turned edgewife 


to the Sun twice in.a Saturnian year, which is al- 


moft as long as 30 of our years, § 81. But the | 


ring, though confiderably broad, is too thin to be 
feen by us when it is turned edgewife to the 


‘Sun, at which time it is alfo edgewife to the 


Earth; and therefore it difappears once in every 
fifteen years tous. As the Sun fhines half a year 
together on the north Pole of our Earth, then dif- 
appears to it, and fhines as long on the fouth 


Pole; fo, during one half of Saturn’s year, the 


Sun fhines on the north fide of his ring, then dif. - 


appears to it, and fhines as long on the fouth 
fide. When the Earth’s Axis inclines neither to 


nor from the Sun, but fidewife to him, he: in- 


fiantly ceafes to {hine on one Pole, and begins to, 
enlighten the other; and when Saturn’s ring in- 
elines neither to nor from the Sun, but fidewife 
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Of the different Seafons. 


to him, he ceafes to fhine on the one fide of it, and PLATE 7 


begins’ to fhine upon the other. 


Let.S' be the Sun, ABCDEFGH Saturn’s Orbit, *'&" 


and JKLMNO the Earth’s Orbit. Both Saturn 
and the Earth move according to the order of the 
letters, and when Saturn is at 4 his ring is turned 
edgewife to the Sun S, and he is then feen from 
the Earth as if he had loft his ring, let the Earth 
be in any. part of its Orbit whatever, except be- 
tween N and O; for while it deferibes that {pace, 
Saturn is apparently fo near the Sun as to be hid 
in his beams. As Saturn goes from 4 to C, his 
ring appears more and more open to the Earths 
at C the ring appears moft, open of all; and feems 
‘to grow narrower and narrower as Saturn. goes 
from.C to E.; and when he comes to E, the ring 
is again turned edgewife both to the Sun and 
Earth ; and as neither, of its fides are illuminated, 


it is: invifible to us, becaufe its edge is too thin 


to be perceptible: and Saturn appears again as if 
he had loft his rwg.. But as he goes from E to 
G, his ring. opens more and more to our view on 
the under fide; and feems juft as open at G as it 
was at C; and may be feen in the night-time from 
the Earth in any part of its Orbit, except about 
-M, when the Sun hides the Planet from our View. 
As Saturn goes from G to 4, his-ring turns more 
and more edgewife to us, and therefore .it feems 
to grow narrower and narrower; and at A, it.dil- 
appears as. before. Hence, while Saturn goes from 
Ato E, the Sun fhines on, the upper fide of his 
ring, and the under fide is dark; and while he 
goes from E to 4,.the Sun fhines on the under fide 
_ of his ring, and the upper fide is dark. 


It may perhaps be imagined that this Article - 


might have been placed more properly after § 81, 
than here; but when the candid reader confiders 


that all the various Phenomena of Saturn’s ring Fig. I. and” 
depend upon a caufe fimilar to that of our Earth’s ” 


feafons, he will res-ily allow that they are beft 
BS: oh explained 


s + 


™ 
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"rx explained together ; and that the two Figures ferve 
' to illuftrate each other. - : 


The Earth 205. The Earth’s Orbit being elliptical, and the 
Suni ai,.Stn keeping conftantly in its lower Focus, which 
ter than in 1S 4,377,000 miles from the middle point of the 
Ba: ack: longer Axis, the Earth comes twice fo much, or 
2,754,000 miles nearer the Sun at one time of the 
year than at another: for the Sun appearing under . 
a larger Angle in our winter than fummer, proves 
that the Earth is nearer the Sun in winter (/ee the 
~Note on Article 18 5). But here this natural queftion 
willarife, why have we not the hotteft weather when 
the Earth is neareft the Sun ? In anfwer, it muft be 
 Whythe obferved, that the eccentricity of the Earth’s Or- 
wet Dit, or 1,377,000 miles bears no greater propor- 
whenthe tion to the Earth’s mean diftance from the Sun, 
| ‘blag than 17 does to 1600; and therefore-this {mall dif- . 
sun. ference of diftance cannot occafion any great dif. 
ference of heat orcold. But the prineipal caufe of 
‘this difference is, that in winter the Sun’s rays fall 
fo obliquely upon us, that any given number of 
them is {pread over a much greater portion of the 
Earth’s furface where we live, and therefore, each 
point muft, then have fewer rays than in fummer. 
Moreover, there comes a greater degree of cold 
in the long winter nights, than there can return of 
heat in fo thort days; and on both thefe accounts 
the cold: muft increafe.» But in fummer the Sun’s 
rays fall more perpendicularly upon us, and there- 
_ fore come with greater force, and in greater num- 
bers on the fame place; and by their long con= - 
tinuance, a much greater degree of heat is im- 
. parted by day than can fly off by night. | 


206. ‘That a greater number of rays fall on the 
_. fame place, when they come perpendicularly, than 
| when they come obliquely on it, will appear by 

rig. the Fignre. For, let 4 B be a certain number of : 
| the Sun’s rays falling on C.D (which let us fup- 
pole to be London) on the 21ft of June: but, on 
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the 22d of December, the line CD, or London, has 

the oblique pofition C.D to the fame rays; and 

- therefore fearce a third part of them falls upon it 

‘or only thofe between 4 and e ; all the reft c B be- 

_ -ing expended on the {pace d P,:.which is more than 

double the length of CD or Cd. Befides, thofe 
parts which, are once heated, retain the heat for 
fome time ; which, with the additional heat daily 
imparted, makes it continue to increafe, though 
the Sun declines towards the South: and this is the 
reafon why July is hotter than June, although the 

_ Sun has withdrawn from the Summer Tropic ;. as. 
we find it is generally hotter at three in the after- - 

, noon, when the Sun has gone towards the weit, 

_ than at noon when he is on the Meridian. Like- 
wife, thofe places which are well, cooled require 

ytime to be heated again : for the Sun’s rays do not 
heat even the furface of any body till they have been « - 
fome time upon it. And therefore we find Fanuary 

_for the moft part colder than December, although 

, the Sun has withdrawn from the winter Tropic ° 
‘and begins to dart his beams more perpendicularly 
upon us, when we have the pofition CF. An 
iron bar is not heated immediately upon being put 
into the fire, nor grows cold till fome time after it 
has been taken out.* | | 
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L7 he Method of finding the Longitude by the Eclipfes - 
of Fupiter’s Satellites : The amazing Velocity of 
Light demonfirated by thefe Eclip/es. 


207. (5 FOGRAPHERs arbitrarily choofe to call the Fira Meri. 

F ~ Meridian of fome remarkable place the | ope 
Jirft Meridian. There they begin their reckoning ; ofplaces, 
and juit fo many degrees and minutes as any other Wt 
place is to the eaftward or weftward of that Meri- oe 


* The reader is referred to a paper by Dr. Halley, in the 
Philofophical Tranfactions, No. 203, upon the’ proportional — 
heat of the Sun in all latitudes and feafons,x—Ed. | 
iad “alt dian 
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PLATE V. dian, fo much eaft or weit Longitude they fay it | 
has. A degree is the 36oth part ofa Circle, be it 


ereat or fmall, and a minute the 6oth part of 


a degree. The Englifk Geographers reckon thé 


_» Longitude from the Meridian of the Royal Obfer- 


vatory at Greenwich, and the French from the Me- 
redian of the imperial Obferyatory at Paris ; (the 
difference of Longitude between that and the 
Royal Obtervatory at Greenwich is 2° 207 the 


former being fo much to the eaft of the Jatter.) 


.208. If we imagine twelve great .Circles, one 
of which’ is the Meridian of any given place, to 


 interfect each other in the two Poles of the Earth, — 


Hour Cir- 


. eles. 


An hour of 
time equal 
te 15 de- 
grees of 
motion : 


mid-day to fome places, it is midnight to others. : 
‘The XII onthe middle of the Earth’s enlightened © 


‘be fixed in the plane of the Equinoétial, and the” 


and to cut the Equator 4 at every 15th degree, © 


they will be divided by the Poles into 24 Semi-cir- — 


eles, which divide the Equator into 24 equal parts; ‘ 


and as the Earth turns on its Axis, the planes of ~ 
thefe Semi-circles come fuccellively one after ano- | 
ther every hour to the Sun. As in one hour of — 
time there is a revolution of fifteen degrees of the 


Equator, in.a minute of time there will bea reyo- a 


lution of 15 minutes of the Equator, and in ay 
fecond of timea revolution of 15 feconds, There © 
are two Tables annexed to this Chapter, for re- | 
ducing mean folar time into degrees and minutes — 
of the terrefirial Equator; and alfo for converting © 
degrees and parts of the Equator into mean folar — 


if 
4 
tamesay ! bi 


_ 209. Becaufe the Sun enlightens only one-half : 
of the Earth at once, as it turns round its Axis, © 
he rifes to fome places at the fame moment of ab- ~ 
folute Time that he fets at to others ; and when it is 


fide, next the Sun, flands for mid-day; and the 
oppolite XII, on the middle of the dark fide, for 4 
mid-night. If we fuppofe this Circle of liours to — 
Earth to turn round with it, any particular Me- 7 


| 
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rididn will come to the different hours fo as to thew 
the true time of the day.or night at all places on 
that Meridian. ‘Therefore, A Shoe 

210. To every place 15 degrees eaftward from 
any given Meridian, it is noon an hour fooner than 
on that Meridian; becaufe their- Meridian comes 
to the Sun an hour fooner: arid to all places 15 
degrees wetiward, it is noon an hour later;.§ 2.08, 
becaufe their Meridian comes an hour iater to thre 
Sun; and fo on: every 15 degrees of motion cauf-. 
ing an hour’s difference of time. Therefore, they And con- 
who have noon an hour later than we, have their poe 
Meridian, that is their Longitude, 15 degrees gres.ot 

eet ? ongitude. 
weftward from us; and they who have nooti an 
hour fooner than we, have their Meridian 15 de- 
grees eafiward from ours; and fo for every hour's’ 
difference of time 15 degrees difference of Longi- 
tude. Confequently, if the beginning or ending ,,,_.. 
of a Lunar Eclipfe be obferved, fuppofe at London ecliptes ute. 
to be exaéily at midnight, and in fome other place j\) /p.#9* 
at 11 at night, that place is r5 degrees weftward. Longitude, 
from the Meridian of Londoa : if the fame Eclipfe 
: be obferved at one in the morning at another place, 
_ that place is 15 degrees eaftward from the faid 

‘Meridian. | 

211, But as it is not eafy to determine the exact 
moment. either of the beginning or ending of a 
“Lunar Eclipie, becaufe the Earth’s fhadow through / 
which the Moon paffes is faint and ill defined 
_ about thé edges, we have recourfe to the Eclipfes gatiptes of 
of Jupiter's Satellites, which difappear much more ere 
quickly as they enter into Jupiter’s fhadow,; and much ~ 
emerge more fuddenly out of it. The firft or neareft beter 


: . i Sr, . for that 
‘Satellite to Jupiter is the moft advantageous for perpote, 


this purpofe, becaufe its motion is quicker than _ 
the motion of any of the reft, and therefore its im- 
‘merfions and emerfions are more frequent and 
more fudden than thofe of the others are. : 
212. The Englifi Aftronomers have calculated 
Tables: for thewing the times of the Eclipfes of 
K Jupiter's 


(Fg0 


PLATE VJ biter s Satellites'to gteat precifion, for the Me: | 


How to 

folve this 
important 
problem. 


"ference of time, will give the Longitude of that. 
place from Greenwich, as above, § 210; and if 


Fhe Method of finding the Longitude. 


‘ridian of Greenwich. - Now, let an ébfer ver, who 
hasthefe Tables, with a good Telefcope and a well-_ 
regulated Clock, at any other place of the Earth, 


moment of time that he faw the Satellite either 
immerge into; or emerge out of the fhadow, and 


‘compare that time with the time fthewn by the- 


Tables for Greenwich ; then, 15, degrees difference 


of Longitude being allowed for every hour’s.dif- 


there be any odd minutes of time, for every ml- 


‘allowed;.as the time of obfervation is later or ear-__ 
Jier than the time {hewn by the Tables... Such 


oblerve the heginning or ending of an Eclipfe of | 
‘one of Jupiter’s Satellites, dnd. note: the; precife | 


nute, a quarter of a degree, eatt or welt, mui be — 


| 


| 


) Eclipfes are very convenient for this purpofe at_ 


Fig. Il. 


Uluftrated 
by an ex- 
ample, 


7 


land, becaufe. they happen.almoli every day ;. but 


are of no ule at fea, becaufe the rolling of the thip. 


hinders. all nice telefcopical obfervations. 


213. To ‘explain, this by a Figure, let J be 


re{pective, Orbits 1, 2,3, 43 and let the Earth be 


Jupiter, K, 1, M, N, his four Satellites i in their 


cat f; fuppofe in November, although that month — 
is no otherwife material than to find the, Earth — 


readily in this fcheme, where it is {hewn in eight — 
different. parts of: its ‘Orbit. Let 2 be a place 


‘on the Meridian of Greenwich, and Ra place on 
fome other Meridian eaftward from Greenwich. 


‘Let a perfon at £ obferve the inftantaneous vanifh-_ 


ing of the firft Satellite K into Jupiter’ 's fhadow, — 


fuppofe at three in the morning; but by the — 
Tables he finds the immerfion of that Satellite tom 


-bé at midnight at Greenwich :. he can then imme- ~ 
-diately determine, that, as there are three hours 
difference of time between 2 and R, and fips R 
is three hours forwarder in’ reckoning than- 2, it 
mut be 45 degrees of eaft Longitude from the Me-— 


“vidian of 2. Were this py abt as practicable 


I . : at 
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at fea as at land, any failor might almoft as eafily, 
and with almoft equal certainty, find the Longi- 
tude as the Latitude. * ae 
214. While the Earth is going from C to F Fis.1. 
in its Orbit, only ‘the immerfions of Supiter’s ore 


Satellites into his fhadow are generally feen; and ginning and 


i ; : nd of tl 
their emerfions out of it while the Earth poesfom;,... 


ame 
G.to B. Indeed, both thefe appearances may be Eclipfe of 
feen of the fecond, third, and fourth Satellite when inber’s 
eclipfed, while the earth is between D and E, Moons. 
or between G and A; but never of the firft Sa- ~ 3 
tellite, on account of the fmallnefs of its Orbit sees 
and the bulk of Jupiter, except’ only when Ju- , 
piter is directly oppofite to the Sun, that is, when 
‘the Earth is at g: and even then, firiétly fpeak- 
ing, we cannot fee either the immerfions or emer- 
fions of any of his Satellites, becaufe his body 
being direétly between us and his conical {hadow, 
his Satellites are hid by his body a few. moments . 
before they touch his thadow; and are quite emerg- 
ed from thence before we can fee them, as it were, 
juft dropping from behind him.’ And when the 
Earth is atc, the Sun, being between it and J upi- 
‘ter, hides both him and his Moons from us. | 

In this Diagram, the Orbits of Jupiter’s Moons 
are drawn in true proportion to his diameter; but 
in proportion to the Earth’s Orbit, they are drawn 
81 times too large. 7 , 

215. In whatever month of the year Jupiter is Jupiter's 
4n conjunction with the Sun, or in oppofition to Rape A 
him; in the next year it will be a month later at (2 Sun, or 

Jeafi. For while the Earth goes once round the Ee ial 
Sun, Jupiter defcribes a twelfth part of his Orbit. every year 
And, therefore, when the Earth has finifhed its Aaa SR 
annual period from being in a line with the Sun Heavens. 
and Jupiter, it muft go as much forwarder. as 
Jupiter has moved in that time, to overtake him. 


_ * For more information on this fubject, the reader is referred 
to Dr. Mackay’s Treatife on finding the Longitude, in two 
. vols. 8yo, . | 5; 
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_ Earth is between the Sun and Jupiter, asat g, his 


The fur- 
prifing ve- 
locity of 
Light, 

, 


The Motion of Light demionjtrated. 


again: juft like the minute-hand of a ‘watch, 


which muft, from any conjunétion with the hour- - 
hand, go once round the dial-plate and fomewhat — 


above a twelfth part more, to overtake the hour- 
hand again. 


216. It is found by often that when the 


Satellites are eclipfed about 8 minutes fooner than 
they fhould be according to the ‘Tables; and 


when the Earth is at B or'C, thefe eclipfes hap- — 
‘pen about 8 minutes later than the Tables predié 


them. Hence it is undeniably certain, that the 
motion of Light 3s not inftantaneous, fince it 


takes about sre minutes of time to go through a — 


{pace equal to the Diameter of the Earth’s Orbit, 


which is 190 millions of miles in length; and con-~ 


a 


fequently the particles of Light fly about 193 _ 
thoufand 939 miles every fecond of time, which is © 
above a million of timés fwifter than the motion — 
of a cannon-ball. And as light is 16% minutes — 
in travelling acrols the Earth’s Orbit, it muft be — 
$i minutes in coming from the Sun to us; there-_ 


fore, if the Sun were annihilated, we fhould fee 


him for-8i minutes after; and i: he were agains 


- created, he would be 83 ‘minutes old before. we 


Fig. V 


Rlufrated 
ky a Figure. 


could Es him. 


- 217. To explain the progreffive motion of. 
Light; let 4 and B be the Earth, in two different 


par 148 of its Orbit, whofe ditinod from each other 


is g5 millions of miles, equal to the Earth’s dif-_ 


tance from the Sun 8 It is plain, that if the 


motion of Light were inftantaneous, the Satellite 


zt would appear to enter into Jupiter’s fhadow FF 
at the fame moment of time.to a fpectator in A as 


to another in B. But by many years obfervations- 


it has been found, that the immerfion of the _ 
Satellite into the fhadow j is feen $3 minutes fooner 
when the Earth is at 8, than when it is at 4. - 


And fo, as Mr, Roemer firft difcovered, the ie | 
13 : | of 


| Lhe Motion of Light demonftrated. 


of Light is thereby proved to be progreffive, 
and not inftantaneons, as was formerly believed. 
It is*eafy to compute in what time the Earth 
moyes from A to B; for the Chord of 60 degrees 
of any Circle. is equal to the Semi-diameter of 
that Circle ; and as the Earth goes through all the 
360 degrees of its Orbit in a year, it goes through 
50 of thofe degrees in about 61 days. Therefore, 
if on any given day, fuppofe the firft of June, the 
Earth is at 4, on the firft of Auguft it will be at 
B: the chord, or ftraight line A B, being equal to 
HS, the Radius of the Earth’s Orbit, the fame 
with 4S) its diftance from the Sun. | 

213. As the Earth moves from D to C, through. 
the fide A.B of its Orbit, it is conftantly meeting 
the light of Jupiter’s Satellites fooner, which occa- 


dions an apparent acceleration of their Eclipfes: 
_and as it moves through the other: half 27 of its 


Orbit from Cto D, it is receding from their light, 
which occafions an apparent retardation of their 
Eeclipfes, becaufe their light is then longer before 
it overtakes thé Earth. s 

219. Uhat thefe accelerations of the immerfions 
of Jupiter’s Satellites into his fhadow, as the Earth 
approaches towards Jupiter, and the retardations 
of their emerfions out of his fhadow, as the Earth 
is going from him, are not occafioned by any ine- 
quality arifing from the motions of the Satellites 
m eccentric Orbits, is plain, becaufe it affecis 
them all alike, in whatever parts of their Orbits 
they are eclipfed. Befides, they go often round 
their Orbits every year, and their motions aré no 
way commenfurate to the Earth’s. Therefore, a 
Phenomenon, not to be accounted for from the 
real motions of the Satellites, but fo eafily dedu- 
_ cible from the Earth’s motion and fo anfwerable 
thereto, muft be allowed to refult from it, This 
_ affords one very good proof of the Earth’s annual 
motion * | 
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134 Toconvert Motion into Time, and the reverje. — 
220, TABLES for converting mean folar Time into Degrees and 
. Parts of the terrettrial Eevaror; and alfo for cohverting 
Degrees and Parts of the Equator into mean folar Tims. 
TT ABLE | 
For*converting Time into Degrees 
and Parts of the Equator. 


TABLE IL. 
For converting Degrees and Parts of the 
Equator into Time. 
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OF Solar and Sidereal Time: } 135 
’'Thefe are the Tables mentioned in the so68th © 
_ Article, and are fo eafy that they fcarce’ require 

any farther explanation ‘than to inform the reader, 

that if, in Table I. he reckons the columns -mar ked 

with Afterifks to be minutes of time, the’ other 
columns give the equatoreal parts or motion m 
‘degrees and minutes; if he reckons the Afterifk 
columns to be feconds, the others give the motion 

in minutes and feconds of the Equator ; ; if thirds, 

in feconds and thirds: And if in Table Il. he 
reckons the Afterifk columns to be degrees of 
motion, the others give the time anfwering thereto 

in hours-and minutes; if minutes of motion, the 

time is minutes and feconds ; if feconds of motion, 

the correfponding time is given im feconds and 
thirds. “An example in each cafe will make the 

whole very. plain. | 


Bea I. ~~ Kyampre IT. 

: y : 

‘In. 10 hours 15 mi-| In what time will 153 
nutes 24 feconds 20 | degrees 51 minutes 5 fe- 
thirds, Qu. How much} conds of the Equator 
of the Equator revolves | revolve through the a 
thr ough the Meridian ?¢. ridian t 


Deg. M.S.|- MST. 


Hours 10 +150 0 0 IkO0 10 0 0 0 
5 Deg. § 75 


Min?’ 15 ae pire ada Sis ls 
sec. 24 i A a } epllile  gaa 
Thirds 20 sai vt Crpapale 20 


a Anfiwer 153, ot 5 Anfwer 10°15 24 20 


: C WAP.’ XII. 
Of Solar amb Sidareaks Time. 


“221, HE Stars appear to go round the Earth sigerea 
| ‘in 23 hours 56 RiNtES ‘4 feconds, and ne 
: the Sun in 24 hours: fo that the Stars gain three f°, es 
minutes 56 feconds upon the Sun every day, which “>: 


K 4 amounts 
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on amounts to one diurnal revolution in a year ; and, 


therefore, in 365 days, as meafured by the returns 
of the Sun to the Meridian, there are 366 days, as 
meafured by the Stars returning to it: the former 
are called Solar Days, and the latter Sidereal. 
The diameter of the Earth’s Orbit is but a phy- 
fical point in proportion. to the diftance of the - 
Stars ; for which reafon, and the Earth’s uniform 
motion on its Axis, any given Meridian will re- 
volve from any Star to the fame, Star again in 
every abfolute turn of the Earth on its: Axis, with- 
out the leaft perceptible difference of time fhewn 
by a Clock which goes exaétly true. | 
If the Earth had only a diurnal: motion, with- 
out an annual, any given Meridian would revolve | 
from the Sun to the Sun again in the fame quan; . 
tity of time as from any Star to the fame Star 
again ; becaufe the Sun would never change his 
place with refpect to the Stars. But, as the Earth 
advances almoft a degree eaftward in its Orbit in 
‘the time that it turns eaftward round its Axis, — 
whatever Star paffes over the Meridian on any day 
with the Sun, will pafs over the fame Meridian on 
the next day when the Sun is almoft a degree fhort 
of it; that is, 3 minutes 56 feconds fooner. If 
the year contained only 360 days, as the Ecliptic 
does 360 degrees, the Sun’s apparent place, fo far 
as his motion is equable, would change a degree 
every day ; and then the fidereal days would he 
| juft 4 minutes fhorter than the folar. 

Pig. IT. Let ABCDiiFGHIKLM be the Earth's Orbit, 
in which it goes round the Sun every year, accord- 
ing to the order of the lettérs, that is, from weft to 
eaft; and turns round its Axis the fame way from 
the Sun to the Sun again in every 24 hours. Let § 
be the Sun, and & a fixed Star at fuch an immenfe 
diftance, that the diameter of the Earth’s Orbit 
‘ bears no fenfible proportion to that diftance. Let — 
Nm be any particular Meridian of the Earth, and 
N a given point or place upon that Meridian, 


Of Solar and Sidereal. Time. 
When the Earth is at A the Sun S hides the Star 


R, which would be always Ind if the Earth never 


‘removed from 4; and confequently, as the Earth - 


turns round its Axis, the point V would always 
come round to the Sun and Star at the fame time. 
But when the Earth hasadvanced, fuppofe a twelfth 
part of its Orbit from 4 to B, its motion round its 
Axis will bring the point NV a twelfth part of a 
natural day, or two hours, fooner to the Star than 
to the Sun, for the Angle N Bn is equal to the 
Angle 4.S°B: and therefore any Star which comes 


to the Meridian at noon with the Sun when the 


Earth is at 4, will come to the Meridian at 10 in 
the forenoon when the Earthis at B. When the 
Eayth comes to C, the point N will have the Star 
- on its Meridian at 8 in the morning, or four hours 
fooner than it comes round to the Sun; for it muft 
revolve from N to x before it has the Sun in its 


Meridian. Whenthe Earth comes to D, the point. - 


N will have the Star on its Meridian at 6 in the 
morning, but that point muft revolve, {ix hours 
more from N to n, before it has mid-day by the 
Sun: for now the Angle 4 S'D is a right Angle, 
and fo.is N Dn; that is, the Earth has advanced 
go degrees in its Orbit, and muft turn go degrees. 
on its Axis to carry the point NV from the Star to 
the Sun: for the Star always comes to the Meri- 
dian when N m is parallel to RS A; becaufe D Sis 
but a point in refpeét to HS. - When the Earth is 
at E, the Star comes to the Meridian at 4.in the 


morning; at F; at 2 in the morning; and at G,. 


the Earth having gone half round its Orbit, N 
~ points to the Star R at midnight, it being then 
directly oppofite to the Sun. And therefore, by 
the Earth’s diurnal motion, the Star comes to the 
Meridian 12 hours before the Sun. When the 
Earth is at 27, the Star comes to the Meridian at 
10 in the evening; at / it comes to the Meridian 
at. 8, that is, 16 hours before the Sun; at K-18 


hours-before him ; at Z 20 hours; at M22; and 


at A equally with the Sun again. 


ef a) 
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A TABLE; thewing how much of the Celeftial Equator pafles over the 
Meridian in any Part of a,mean Sorar Day, and how, much the 
Fixep Srars gain upon the mean Sorar Time every Day, for a 
Month. | gh oat on . 
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-. 922. Thus it is plain, that an. abfolute turn, of pdt 
the Earth on its Axis (which is always completed | 
when any particular Meridian comes to be parallel a 
_ to its fituation at any time of the day before) never Anabfolute 
brings the fame Meridian round from the Sun to tof toe 


Earth onits * 


the Sun again; but that the Earth requires as Axis never 
much more than one turn on its Axis to finifh a ea 
natural day, as it has gone forward in that time; 
which, at a mean rate, is a 365th part of a Circle. 
Hence, in 365 days, the Earth turns 966 times 
round its Axis; and therefore, as a turn of the 
Earth on its Axis completes a fidereal day, there 
muft be one fidereal day more in a year than the 
number of folar days, be the number what it will, 
on the Earth, or any other Planet, one turn being 
loft with refpeét to the number of folar days ina 
year, by the Planet’s going round the Sun; jullas 
‘t would be loft to a traveller, who, in going round 
the Earth, would lofe one day by following the 
apparent diurnal motion of the Sun; and confe- 
quently would reckon one day lels at his return 
(let him take what time he would to go round the 
Earth) than thofe who remained all tle while at 
the place from which he fet out. So, if there were 
two Earths revolving equally on their Axes, and 
if one remained at 4 until the other had gone round 5... 
the Sun from 4 to 4 again, that Earth which kept ~ 
its place at A would have its folar and fidereal 
days always of the fame length; and {fo would have 
one folar day more than the other at its return. 
Hence, if the Earth turned but once round its Axis 
in a year, and if ‘hat rotation was made the fame 
_ way as the Earth goes round theSun, there wou'd 
be continual day on one fide of the Earth, and 
continual night on the other (as is the cafe with the 
Moon in refpect to the Earth.) 
229. The firft part of the preceding Table fhews 
-how much of the celeftial Equator pafles over the 
Meridian in any given part of a mean folarday; > * 
and is to be underftood the fame way as the Table 
| il. 
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' Toknow: In, the 220th article. The latter part, intituled, 

by the Stars ; ' 

whether a Acceleration of the fixed Stars, affords us an eafy 

€lock goes method of knowing whether or not our Clocks and 

twme or not. : 2 

_, . watches go true: For if, through a {mail hole in a . 
window fhutter, or in a thin plate of metal fixed to 
a window, we obferve at what time any Star difap- 
pears behind achimney, or corner of a houfe, ata 
little diftance; and if the fame Star difappears. the 
next night 3 minutes 56 feconds fooner by the - 
clock or watch; and on the fecond night, 7 mi- 
nutes 52 feconds fooner; the third night 11 mi- 
nutes 48 feconds fooner; and fo. on, every night - 
'- asin the Vable, which fhews this difference for 

30 natural days, it is an infallible fign that the ma-. 
chine goes true; otherwile it does not go true, and 
muft be regulated accordingly; and as the difap- 
pearing of a fiar is infiantaneous, we may depend 
on this information to halfa fecond. 


CHAP. XIII. 
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224.) (‘HE Earth’s motion en its Axis being 
perfectly uniform, and equal at all times 

of the year, the fidereal days are always precifely 

of an equal length; and fo would the folar or na-. 

tural days be, if the Karth’s Orbit were a perfeé 

Circle, and its Axis perpendicular to its Orbit. | 

The Suy But the Earth’s diurnal motion on an inclined’ 
arog “xis, and its annual motion in an elliptic Orbit, 
on fourdays caufe the Sun’s apparent motion in the Heavens — 
ofthe yer +0 be unequal, for fometimes he revolves from the 
Meridian to the Meridian again in fomewhat lefs, 

than 24 hours, fhewn by a well regulated clock ; 

and at other times in fomewhat more; fo that the 

time fhewn by an equal going clock and a true 
Sun-dial is never the fame but on the 15th of 
April, the 15th of June, the 31f duguf, and the - 

| 24th 
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aath of December. ‘The clock, if it goes equably 
and true all the year round, will be before the Sun 
from the 24th of December till the 15th of April; 
from that time till the 16th of June the Sun will 
be before the clock; from the 15th of June till the 
gift of Auguft the clock will be again before the 
Sun; and from thence to the 24th of December the 
Sun will be fafter than the clock. 


225. The Tables of the Equation of natural Ute of the. 
days, at the end of the follawing Chapter, fhew the les 
time that ought to be. pointed out by a well regu- 
lated clock or watch, every day of the year, at the 
precife moment of folar noon; that is, when the 
Sun’s center is on the Meridian, or when.a true 

~Sun-dial fhews it-to be precilely twelve. ‘Lhus, 
on the 5th of January in Leap-year, when the Sun 
is on the Meridian, it ought to be 5 mimutes 26 
feconds patt twelve by the clock: and on the 15th 
of AZay, when the Sun ts on the Meridian, the time 
by the clock fhould be but 56 minutes 1 fecond 
paft eleven; in the former. cafe, the clock is 5 mi- 
nutes 52 feconds before the Sun; and in the latter _ 

<eafe, the Sun is 3 minutes 58 feconds fafter than 
the clock. But without a Meridian Line, or a 
Tranfit Inftrument fixed to the plane of the Meri- 

‘dian, we cannot fet a Sun-dial true.* 


~ 


@ 


226. The eafieft and moft expeditious way of How to 
~ drawing a Meridian Line is this: Make four deg a 
five concentric Circles, about a quarter of an inch - 
from one another, on‘a flat board about a foot in 
breadth; and let the outermott Circle be but little 
lefs than the board will contain. Fix'a pin per- 
pendicularly in the center, and of fach a length 
that its whole fhadow may fall within the inner- 
mott Ciréle for at leaft four hours in ‘the middle 
of the day. The pin ought ‘to be about an eighth 
* The pofition of the Meridian may be afcertained from 


obfervations of the Sun, or from thofe of the other. celeftial 
bodies. r . AN: 


part 
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part of an inch thick, and to have a round blunt 
point. The board being fet exactly level in a place 
where the Sun fhines, fuppofe from eight in the 
morning till four in the afternoon, about which 
hours the end of the fhadow fhould fall without — 
all the Circles; watch the times in the forenoon, 
when the extremity of the fhortening fhadow juft 
touches the feveral Circles, and ieee make marks. | 
Then, in the afternoon of the fame day, watch 
the lengthening {hadow, and where its end touches 
the feveral Circles in going over, them, make 
marks alfo. Laftly, with a pair of compaffes, find 
exactly the middle point between the two marks on 
any Circle, and draw a flraight line from the cen- 
ter to that point; which’ Line will be covered at. — 
~ - noon by the fhadow of a fmall upright wire, which 
fhould be put in the place of the pin. The reafon 
for drawing feveral Circles is, ‘that in cafe one part 
of the day. {liould prove clear. and the other part 
fomewhat. cloudy, if you mifs the time when the 
point of the fhadow ihould touch, one Circle, you 
may perhaps catch it in touching another. ‘he 
beft time for drawing a Meridian Line in this 
manner is about the fummer folftice; becaufe the 
_- Sun changes his declination floweft and his altitude 
falteft in the longeft days. 
If the cafement of a window on which the Sun 
fhines at noon be quite upright, you may draw a 
line along the edge of its fhadow. on the floor, 
when the fhadow of the: pin is exactly of the 
Meridian Line of the board: and as the motion 
of the fhadow of the cafement will be much more 
fenfible on the floor than that of the fhadow of 
the. pin on the board, you may know to a few’ — 
“feconds when it touches tl 1¢ Meridian Line on the 
floor; an? fo regulate your clock for the day of 
obfervation by that line and the Equation Lables : 
“above mentioned, § 225. 


Equation of 227. As the equation of time, ‘or difference. 
naturaldays . 


explained. between 


{ 
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between the time fhewn by a well regulated Clock 
and a true Sun-dial, depends upon two ‘caufes, 
namely, the obliquity of the Ecliptic, and the 
unequal motion of the Earth in its Orbit, we fhall 


firft explain the effects of thefe caufes. feparately, 


and then the united effects refulting from their 
_ combination. Chee 

228. The Earth’s motion: on its Axis. being 
perfectly equable, or always at the fame rate, and 
the * plane.of the Equator being perpendicular 
to its Axis, it is evident that in equal. times 
equal portions of the Equator pafs over the Meri- 


BAS 


dian; and fo would equal portions of the Ecliptic, _ 


if it were parallel to, or coincident with the Equa- 
tor. But, as the Ecliptic is oblique to the 
_ Equator, the equable motion of the Earth carries 
- unequal portions of the Ecliptic over the Meri- 
dian in equal times, the difference being propor- 
tionate to the obliquity; and as fome parts of 
the Ecliptic are much more oblique than others, 
thofe, differences are unequal among themfelves. 


The fir? 
art of the 
Equation of 

Time. 


‘Therefore, if two Suns fhould ftart either from: - 


_ the beginning of Aries or Libra, and continue to 
move through equal.arcs in equal times, one in 
the Equator, andthe other in the Ecliptic, the 


equatoreal Sun would always return to the Meri- , 


dian im 24 hours time, as meafured by a well- 
regulated clock; but ‘the Sun in the Ecliptic 
would return to.the Meridian fometimes fooner, 
and fometimes later than the equatoreal Sun ;_ and 
only at the fame moments with him on four days 


_.of the year; namely, the 2oth of March, when 


the Sun enters Aries; the 21f of June, when he 
enters Cancer; the 29d of September, when he 
enters Libra; and the 21ft of December, when he 


* Ifthe Earth were cut along the Equator, quite through 
the center, the flat furface of this fection would be the ‘plane 
of the Equator; as the paper contained within, any Cirele 

may be juitly termed the plane of that Circle. 
Oh he , : enters 


s 
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gree, or any correfpondinge number. of degree es On - 
bo B Pp rae) oO 
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enters Capricorn. But, as there is only one Sun, 


other, which 1s fuppofed to move in the Equator, 


the fictitious : -to which laft, the motion of a wells 


regulated clock always anfwers. ” 
Let Z v x & be the Earth, Z FRx its Axis, 
abcde, &c. the Equator, A.B CD E, &c. the north- 
ern half of the Ecliptic from + to = on the fide of 
the Globe next the eye, and MNOP, &c. the 


fouthern half on the Bs carcing fide from = to vr. 


Let the’ pomts at 4, B.C, D, E, F, &c. quite 
round from y to x ae bound equal portions 
of the Ecliptic, gone through in equal times by 
the real Sun; baal thofe at a, b,-c, d,.e, f, &c. 


equal portions of the Equator deferibed in equal — 
times by the fictitious Sun; andlet Z x x be the 


Meridian. 
As the real Sun moves obliquely in. the Ecliptic, 


and the fictitious Sun directly in the Equator, with 
refpeét_ to the Meridian; a degree, or any num- 
“ber of degrees, between v and J on the. Ecliptic, — 


muft be nearer to the Meridian Z v 2, than a-de- 


the Equator, from vr tof; and the more fo, as 


they are the more oblique: and, therefore, the true 


Sun comes fooner to the Meridian ever y day while 


folar noon precedes noon by the Clock, until the 


-teal Sun comes to Ff, and the fictitious:to f, which 
two points, being equidiftant from the Meridian, 
‘both Suns will come to it piseney, at noon by the 


Clock, 


Wile the: real Sun deferibes the fecond qua- 3 


drant of the Ecliptic FG H 1K Lfrom = to , he 


comes later to the Meridian every day than ‘the 
fictitious Sun moving through the Second quadrant 


of the paneer from f to &; for the points at 


- G, Hi, i g;. 


and his apparent motion is always in the Ecliptic, — 
Jet us henceforth call him the real Sun, and the 


che isin the quadrant y ¥, than the fictitious Sun — 
does in the quadrant + f; for which reafon, the 
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G, H, I, K, and ZL, being farther from the Meri- 
dian than their correfponding points at’ 2, h, 7, ky 
and /, they mult be (hid in Coming to it: ind as 
both Suns come at the fame moment to the point 
“ , they come to the Meridian at the moment of 
noon by the Clock. 

In departing from - Libra, through the third 
quadrant, the real Sun cong through MNOP2 
towards vp at R, and the fictitious Sun through 
mnopg towards r,.the former comes.to the. Meri: 
dian every day. foone ‘+r than the latter, until the 
real Sun comes to vp, and the fictitious to r, and 
then they both come to the Meridian at the fame 
time. 

Lafily, as the real Sun moves devant through 
STUVW, from rp towards v; and the fictitious 
Sun th: rough stuvw, from r eae wv, the for-- 
mer comes later every day to the Meridian than _ 
the latter, until they both arrive wg the point v, 
‘and then they make it noon at the fame time.with 
the clock. 


ranty 
Car) 


229. The annexed Table thews how much the 
Sun is fafier or fiwer than the clock ought. to 
be, fo far as the difference depends upon the obli- 
quity of the Echptic; of which the Signs of the 
firft and third quadrants are at the head of the 
Table, and their. Degrees at the left hand; and A Table of 
in thefe the Sun is fatter than the Clock: the ced ig 
Signs of the fecond and fourth quadrants are at onthe Sun's 
the foot of the Table, and. their degrees at th i, ei 
right hand; in all which the Sun is flower than’ i 
the Clock; fo that entering the Table with the 
given Sign of the Sun’s place at the head of the 
Table, and the degree of his place ys! that Sign 
at the left hand; or with the given Sign at the : 
foot of the Table, and Degree at the right hand ; , 
in the angle of meeting is the number iy minutes | 
and feconds that the Sun i is fafter or Jower than 
the Clock: or in other words, ‘the e quantity of time 
: L in 
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in which the real Sun, when in that part of the 
Ecliptic, comes fooner or later to the Meridian 
than the fictitious Sun in the Equator. Thus, 
when the Sun’s place is x Taurus 12 degrees, he 
is 9 minutes 47 feconds fafter than the clock ; 
and when his place is « Cancer 18 degrees, he is, 
6 minutes 2 feconds flower. "ss 


Note.—The following Table is formed by. taking 
the difference between the Sun’s longitude and its 
right afcenfion, and converting it into time. 
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PART I. Of the Eavation of Time. 


/Argument.—Sun’s True Longitude. 


Sun fafter than the Clock in the Signs, 


Devrees.| Or 0 Signs. }O,or L. Sign. }m. or IL.Signs}  1ft Q, 
et hes, le Sipe m, VIL.Signs.| 2, VIL Signs.| > 3d: Q. 


s 4/ fe 4/7 / 4 
o o 0 8 23 8 45 30 
1 Oo 20 See: ey ay 29 
2 Oo 40 St. Ae By 2a’ 29 
8 O 59 8 52 78) A 37 
4 1.19 OTT LD, A 26 
5 1 39 Beard 7h PG 25 
6 1 58 Oy 6 Mod 24. 
7 a i O29 7 2B 23 
8 2 ee Q2 aes 22 
et ,2 56 9 385 6 50 21 


a en ee | re pee 


10 Swe te 9 39 8 ie 20 
11 F 34 9 43 6 18 ig 
12 ‘8B 52 9 47 G4 18 
13 4 20 9 49 5 44 17 
14 4128 Q 51 5 26 16 
TBM. 4 46 9 53 5.8 15 
10 Bb 1013 0 4358 4-49 nA. 
17 i) O20 9 53 #iFtSP"; 13 
18 5\ 9 g 52 Aypeks 12 
19 at OO 9. 50 3.) ot 1} 


20: 6 9 :Q °48 oy 10 
21 6). 24 9 45 @ dd 9 
29 6 40 iy tad et | 128 
23 6°54 0” 87 2. 30 “rap 
24, Fipis8 -Q 31 BILT g 6 
25 7y,{ 2? 9 . 25 1 48 18 
26 Tahoe 9 19 1 8) 06, 4 
27 7 43 Ona E, 1 ath 3 
28 BI. o ee 8 Bey 45 es 
29 S° ¥2 SSR 0 22 aes 
30 8 23 8 45 “od'o re) 


and Q. | mor V. Signs. sL,or TV Signs} Ss orl UL Sions. Dewees 
4th Q. |x, XLSigns for, X. Sious, | vp) TX. Signs. | 7 S'°°* 
Sun flower than the Clock in the Signs. 


| 
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230. This part of the Equation of time may 
perhaps be-fomewhat difficult to underftand by a 
Figure, becaufe both halves of the Ecliptic feem 
to be on the fame fide of the Globe: but it may — 
be made very eafy to any perfon who has a real — 
Globe before him, by putting fmall patches on 
every tenth or fifteenth degree both of the Equa- 
tor and Ecliptic, beginnmg. at Aries vy; and - 
then turning the ball flowly round wefiward, he 
will fee all the patches from Aries to Cancer come 
to the brazen Meridian fooner than the corre- 
fponding patches on the Equator; all thofe from 
Cancer to Libra will come later to the Meridian 
than their correfponding patches on the Equator; — 

thofe from Libra to Capricorn fooner, and thofe 

from Capricorn to Aries later ; and the patches at 
the beginning of Aries, Cancer, Libra, and Ca- 
pricorn being either on, or even with thofe on the ~ 
Equator, fhew that the two Suns either’ meet 
there, or are even with one another, and fo come - 
to the Meridian at the fame moment. 


pi membines | 22k). Let us fuppofe that there are two little 
the ideenl; balls moving equably round a celeftial Globe by | 


the equal, 


andthe folar 


Time. 


clock-work, one always keeping in the Ecliptic, 
and gilt with gold, to reprefent the real Sun; and. 
the other keeping in the Equator, and filvered, 
to reprefent the fictitious Sun: and that while 
thefe balls move once round the Globe accord- 
ine to the order of Signs, the Clock turns the 
Globe 366 times round its Axis weftward. The 


Stars will make 366 diurnal revolutions from the 


brazen Meridian to it again, and the two balls re- 
prefenting the real and fictitious Suns always going 
farther eaftward from any given Star, will come 
later than it to the Meridian every following day ; 
and each ball will make 365 revolutions to the 
Meridian ; coming equally to it at the beginnings | 
of Aries, Cancer, Libra, and Capricorn; but in 
every other point of the Ecliptic, the gilt ball 
will come either fooner or later to the Meridian 

17 7 9 them 
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than the filvered ‘ball, like’ the patches above- PLATE 
mentioned. This would bea pretty way enough 
of fhewing the reafon why any given Star, which, 
ona certain day of the year, comes to the Meri- 
dian with the Sun, paffes over it fo much fooner 
every following day, as on that day twelvemonth, 
to come to ne Meridian with the Sun again ; als 
alfo to fhew.the reafon why the real Sun comes to 
the Meridian fometimes fooner, and fometimes 
later, than the time when it is noon by the clock ; 
and on four days of the year, at the fame time; 
while the fictitious Sun always comes to the Meri- 
dian when it is twelve at noon by the clock. ‘This 
would be no difficult tafk for an artift to perform, 
for the gold ball might be carried round the Eclip- 
tic by a wire from its north Pole, and the filver ball 
round the Equator by a wire from its South Pole, 
‘by means of a few wheels to each; which might be 
eafily added to my improvement of the celcftial. 
Globe, defcribed in N° 483 of the Philofophical 
_ Lranfacons ; and of which I fhall give a deferip- - 
- tion in the latter part of this Book, from the third 
Figure of the third plate. : 


232. It is plain that if the Ecliptic were more Fig. IV. 
obliquely polited to the Equator, as the dotted 
Circle y x &, the equal divifions from ¥ to x 
would come fill feoner to the meridian Zo + 
than thofe marked A, B, C; D, and E,do: for two 
divifions containing 30 degrees, from » to the 
fecond dot, a little thort of the figure 1, come 
fooner to the Meridian than one divifion contain- 
ing only 15 degrees from v to d does, as the 
Ecliptic now ftands; and thofe of the fecond 
quadrant from x to 2 would be fo much later. 
The third quadrant weuld be as the firft, and the 
fourth as the fecond. . And it is likewife plain, 
that wheie the Ecliptic is moft oblique, namely, 

_ about Aries and Libra, the difference would be 
_ greateft; and leaft about Cancer and Capricorn, ; 
: Where the obliquity is leaft. 

| 19 meds Having 
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Of the Equation of Tine. 


234. Having explained one caufe of the difs — 
ference of time fhewn by a well-regulated Clock 
and a true Sun-dial, and confidered the Sun, not 
the Earth, as moving in the Ecliptic, we now — 
proceed to explain the other caufe of this differ- — 
ence, namely, the inequality of the Sun’s apparent 
motion, § 205, which is floweft in fummer, when 
the Sun ts fartheft from the Earth, and fwifteft in — 
winter when he is neareft to it. But the Earth’s — 
motion on its Axis is equable all the year round, — 
and is performed from weft to eaft; which is the _ 
way that the Sun appears to change his place inthe _ 
Ecliptie. | 

235. If the Sun’s motion were equable in the » 
Ecliptic, the whole difference between the equal — 
time as fhewn by the Clock, and the unequal time — 
as thewn by the Sun, would arife from the obli- 
quity of the Ecliptic. But the Sun’s ‘motion . 
fometimes exceeds a degree in 24 hours, though 
generally it is lefs; and when his motion is 
flowelt, any particular Meridian will revolve fooner — 
to.him. than when. his motion. is quickeft ; for: it 
will overtake him in lefs time when he advances a 
lefs {pace than when he moves through a larger. 


236. Now, if there were two Suns moving In 
the plane of the Ecliptic, fo as to go round it in 
a year; the one defcribing an equal are’ every — 
24 hours, and the other defcribing fometimes a 
Jefs arc in 24:hours, and at other times a larger; 
gaining at one time of the year what it loft at the 
oppolite ;.1t is evident that either of thefe Suns 
would come fooner or later tothe Meridian than 
the other, as it happened to be behind or before 
the other; and when they were both in conjunc- 
tion, they would come to the Meridian at the fame | 
moment. | 3 | 


237. As the real Sun moves unequably in the 
Ecliptic, Iet us fuppofe a fictitious Sun to move 
equably in a circle coincident with the plane of 

7 Kh the 
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the Ecliptic. Let 4 BCD be the Ecliptic or Orbit 


in which the real Sun moves, and the dotted 
Circle abcd the imaginary Orbit of the fictitious 


Sun; each going round in a year according to the 


order of letters, or frem welt to eaft. Let WIKL 
be the Earth turning round its Axis the fame way 
every 24 hours; -and fuppofe both funs to ftart 
from A and a, in a right line with the plane of the 

Meridian E H, at the fame moment: the real Sun 
at A, being then at his greateft diftance from the 
Earth, at which time his motion is floweft; and 

the fictitious Sun at a, whofe motion is always 
 equable, becaufe his diftance from the Earth is 
- fuppofed to be alwaysthe fame, In the time that 


‘the Meridian revolves from H to H again, accord- | 


ing to the order of the letters HIKL, the real Sun 
has moved from 4 to #; and the fictitious with a 
quicker motion from @ tof, through a larger are; 
therefore, the Meridian EH will revolve fooner 


from AT to 4 under the.real Sun at £, than from - 


H tok under the fictitious Sun at f; and confe- 
quently it will then be noon by the Sun-dial fooner 
than by the Clock. 


' As the real Sun moves from 4 towards C, the 
{wiftnefs of his motion mcreafes all the way to C, 
where it is at the quickeft. But notwithftanding 
this, the fictitious Sun gains fo much upon the 

real foon after his departing from 4, that. the 


increafing velocity of the real Sun does not bring 


him up with the equally moving fictitious Sun 
P quanuy g 


till the former comes to C, and the latter toc, 


when each has gone half round its relpective 
“Orbit; and then being in conjunction, the Meri- 
dian E H revolving to EK comes to both Suns at 
the fame time, and therefore it is noon by them 
both at the fame moment. 
But the increafed velocity of the real Sun, now 
being at the quickeft, carries him before the ficti- 
tious one; and, therefore, the fame Meridian will 
pega L4 come 
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“PLATE come to the fictitious Sun fooner than to the real: 
for while the fictitious Sun’ moves. frome. to Bg! 
the real Sun moves through a greater are from C 
to G: conlequently the point Khas. its noon by- 
the Clock when tt comes to 4, but not itsnoon b 
_ + the Sun till it coraes to 1. And althongh the ve- 

locity of the real Sun diminifhes all the way from C 
to A, and the fictitious Sun by an equable motion 
is ftill coming nearer to the real Sun, yet they are 
not in. conjunien tillthe one comes tod, and the 
other to @; and then it is noon by them both at 

the fame moment: | ne 
Thus it appears, that the folar noon is always 
Tater than noon by the clock while the Sun goes 
“from C to 4, fooner while he goes from 4 to C, 
and ‘at thele two points the Sun and Clock being 
equal, it is noon by them. both at the fame mo- 


ment. | | F 
Apogeey 238. The point 4 is called the Sun's Apogee, 
Pe Th becaufe when he is there, he is at bis greatett 
“what. diftance from the Earth; the point Chis Perigee, & 
ean becanfe When init he is at his leafi diftance from _ 
the Earth: and a right line, as 4 EC, drawn . 
through the Earth’s center, from ‘one of thefe 
points to the other, is called the line of the Apfdes. 
239. The diftance that the Sun has gone in 
any time from his Apogee (not the diftance he has 
to go to. it, though ever fo little) is called his 
Mean Ano} 


mean Anomaly, and is reckoned in Signs and De- 
grees, allowing 30 Degrees to a Sign. Thus, 
when the Sun has gone 174 degrees from his 
Apogee at A, he is faid to be 5 Signs 24 Degrees. 
from. it, which is his mean Anomaly ; and when 
he is gone 355 Degrees from his Apogee, he is 
{aid to be 11 Signs 25 Degrees from it, although 
he be but 5 Degrees dhort of A in coming round 
| to it again. Brest ct 


maly, what. 
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240. From what was faid above, it appears, 
that when the Sun’s mean Anomaly is lefs than 6 
Signs, that is, when he isany where between 4 ard 
C, in the half ABC of its orbit, the folar noon pre- 


_cedes the clock noon; bnt wiheti his Anomaly is 


more than 6 Signs, that is, when he 1s any where 
between C and ad. in the half CDA of his Orbit, 
the clock noon precedes the folar. When his 
Anomaly is o Signs, 0, Degrees, that is, when he 


is in his Apogee at 4; or 6 Signs o Degrees, - 


which is when he is in his Perigee at C; he comes 
to the Meridian at the moment that the fictitious 
Sun does, aud then it is noon by them both at the 
fame inftant. 


241. The following Table hows the V ariation, 
or Equation of ‘Time depending | on the Sun’s Ano- 
maly, and arifing from his unequal motion in the 


~Echptic; as the former Table, § 229, fhews the 


Variation depending on the Sun’ s place, and re- 


fulting from the obliquity of the Ecliptic: this is. 


to .be underftood the fame way as the other, 
namely, that when the Signs are at the head of 
the Table, the Degrees are at the left hand; but 


when the Signs are at the. foot of the Table, the 


re{pective Degrees are at the right hand; and ia 
both cafes the Equation 1 is in the Angle of meet- 
ing. When both the above- mentioned Equaticns 
are either fafter or flower, ¢heir Sum is the abfo- 
Inte Equation of Tinie ; but when the one 1s 
fafter, and the other flower, it is their difference. 


Thus fuppofe the Equation depending on the 
Py q p D 


es place be 6 minutes 41 feconds too. flow, 
‘ the Equation depending on the Sun’s Ano- 


; aa be 4 minutes 20 feconds 100 flow, their fam 
js eleven minutes one fecond too flow, But if the 


one had been 6 minutes 41 feconds too faft, and 
ihe other 4 minutes 20 feconds too flow, their dif 
ference would have been 2 minutes 21 feconds too 
faft, becaufe the greater quantity is too faft. 
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PAR-T I. Of the Eavation of ‘Te. 


_ Argament.—Sun’s mean Anomaly. 
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Note.—The foregoing Table is formed by con- 


verting the Equation of the Sun’s Center ({ec 


Tables in Chap. XIX.) into time. 


242. The obliquity of the Ecliptic to the Equa- 
tor, which is the firft mentioned caufe of the 
Equation of Time, would make the Sun and 
Clocks agree on four days of the year; which are, 
when the Sun enters Aries, Cancer, Libra, and 
Capricorn: but the other caufe, now explained, 
“would make: the Sun and Clocks equal only twice 
ina year; that is, when the Sun is in his Apogee 
and Perigee. Confequently, when thefe two 
points fall in the beginnings of Cancer ‘and Ca- 
' pricorn, or of Aries and Libra, they concur in 
_ making the Sun and Clocks equal in thefe points. 
But the Apogee at prefent is in the gth degree 


97 min. of Cancer, and the Perigee in the oth 


degree 37 min. of Capricorn ;* and therefore the 
Sun and Clocks cannot be equal. about the begin- 
_nings of thefe Signs, nor at any time of the year, 
except when the {wiftnefs or flownefs of the “Xqua- 
tion refulting from one caufe juft balances the 
_flownefs or {wiftnefs arifing from the other. 


243. The Table following fhews the Sun’s true 
place in the Ecliptic at the noon of every day by 


the Clock, for the fecond year after Leap-year ; 
and alfo the Sun’s mean Anomaly to the neareft. 


degree, neglecting the odd minutes of that degree. 


é 


* At the beginning of the year 1808. 
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The ufe of this Table is to affift in the compu- 
tation of a general Table of the Equation of Time, 


15Q)2 


from the preceding Tables of equation, depending - 


on the Sun’s true place and mean Anomaly. «In 
order to illuftrate this method, the following ex- 
amples are given. 7 7 


~The next Tables. which follow them may be 
made from thofe two; but for the fake of accuracy 
they are taken from the Nautical Almanack ; they 
fhew the abfolute Equation of ‘Time refulting from 
the combination of both its caufes; in which the 
minutes ‘as well as degrees, both of the Sun’s 
Place and Anomaly, are confidered. The ule of 
thefe Tables is already explained, § 225: and they 
ferve for every day in Lieap-year, and the firti, 
fecond, and third years after: For on mofi of the 
fame days of all thefe years the Equation differs, 
becaufe of the odd fix hours more than the 205 
days of which the year confilts. | 


EXAMPLES. 


‘I. 


On the 15th of April, the Sun is in the 25th 
degree of v Aries and his Anomaly is g Signs 13 


Degrees; the Equation refulting from the former: 


1s 7 minutes 22 {econds of time too faft, § 229; 


and from the latter, 7 minutes 28 feconds too flow, 
§ 241; the difference is 6 feconds that the San is 
too flow at the noon of that day, taking it im grofs 
for the degrees of the Sun’s Place and Anomaly, 
without making proportionable allowance for the 
odd minutes. Hence.at noon, the {wiftnels of the: 
ene Equation balancing fo nearly the flownels of. 

, the 


*- 


Examples 
for md4king 
Equation 
Tables. 
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the other, makes the Sun and Clocks equal on fome 


part of that day. at 


PEs 


On the 17th of Func, the Sun is in the a5th 
degree of um Gemini, and his Anomaly is 11 Signs, 
15 Degrees; the Equation arifing from the former 
is 1 minute 48 feconds too faft; and from the 
Jatter 1 minute 57 feconds too flow; which ba- 
lancing one another at noon to g feconds, the Sun 
and Clocks are again equal on that day. ) 


Y Hil, 

On the 1f of September, the Sun’s place is $ 
degrees 20 minutes of ™m Virgo, and his Anomaly 
is 2 Signs; the Equation arifing from the former 
is 6 minutes 35 feconds too flow; and from the 
latter, 6 minutes 36 feconds too faft; the dif- 
ference being only 1 fecond too faft at noon, and 
decreafing towards an equality, will make the Sum 
and Clocks equal in the evening of that day. 


By 
On the 24th sof December, the Sun’s place is 2 
degrees 6 minutes of ye Capricorn, and his Ano- 
maly is 5 Signs 23 Degrees; the Equation for the 
former‘is 43 feconds too flow, and for the latter 57 — 


feconds too faft; the difference is 14 feconds too 
- faft at noon; which decreafing will come to an 


equality, and fo make the San and Clocks equal 
about 10 in the evening of that day, 


_ And thus we find, that on fome part of each of 
the above-mentioned four days, the Sun and 
Clocks are equal; but if we work examples for all 
ether days of the year, we {hall find them different. 
And, | ay 

rs 244. On 


a. 


Of the Equation of Time. ‘Pike 


244. On thofe days which are equidiftant from 
any Equinox or Solftice, we do not find that the 
Equation is as much too faft’ or too flow on the 
one fide, as it is too flow or too faft on the other. 
The reafon is, that the line of the Apfides, § 238, 


does not at prefent, fall either into the Equinoétial 


or Solftitial points, § 242. 


Bod See 


GEE a 


Remarks. 
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Of the Equation of Time. 


The First wd the following TABLES at the | 


end of this chapter, contains the Time by the’ 


Clock, if correét, -when the Sun’s center is on the 
Meridian; the difference between which, and 12 


howrs, is the kiquation of Time; and the difference 


between the Time by the Clock, and that by the 
‘Tables, will be the error of bie Clock for mean 


Time; and the Clock will be faft or flow according’ 
"as the Time thewn by it, is later or ener than 


that in the Table. 


The © SECOND TABLE contains te Equation . . 


of Time. — z 
 Thefe Tazzzs are Misfied to Leap Year, and 


to the firft, fecond,; and third years after; and 


would ferve for ever, if the true place and mean ~ 


Anomaly of the Sun were always the fame on 
every day of the year, as onthe fame day four 


years before or after. But fince that is not the ~ 


cafe, no general Equation Tables can be fo con- 
firucted as to be rendered perpetual. The firlt of 
thefe Tables is fimilar to that in the Connaiffance 
des Tems, page fecond of the month, titled Tems 
Moyen au Midi Vrai; and the fecond, to that 


given in the Nautical Almanack, page feeond of © 


the month, titled Equation of Time. 
The rarzp TABLE is extremely convenient 


for regulating a Watch, when no greater precifion: | 
than one minute is required, q 


I 


~ 


eo Bh eS 
OF THE 


EQUATION or TIME, 


{ 


/ 


FOR 


LEAP YEARS ano COMMON YEARS; 


Shewing what Time it ought to be by the CLOCK, when 
the SU N’s Center is on the Meridian, 
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TAS LE, thewing what Time it ought to be by ti 


\ 


For 1809, 1813, 1817, 1821, &c. or Firf after Leap Year. 


January. | February.}’ March. ‘April. 


e eerie beeen erred teeeeer ed Oy 


z .S./H. M.S|H. M.S] H. M. 
1 1XII 3 ss/XII 19 58 XU t2 41/XII_ 
5 4 23 

3 4 5) 

4 5 18 

3: 5 45 

6 IXTI 6 19 

¥ 6 38 

° 7 ¢8 

9 7420 

10.1, 1.58 


e 
12 8. 
13 9 
14 9 

9 


| a 


a1 jXIT 11 
22 11 
23 12 
25 


ee ee 


rm 8 
Com D 


to 


Equation of Time, ene Se: 


tock, when the SU N’s Center is on the M ERID TAN. 


~ 


.~ For 1809, 1813, 1817, 1821, &c. or Firft after. Leap Year. 


July. Augutt. Sept. Odtober. |November./December. 


Se ee) Se ee ee 


XII 3 18|XII 5 56| XI 59 52} XI 49 43/K143 46/ XI 49 


qi 3 5 

2 3 29 5153 59 33 49 25 43 

5) 3.40/72 ° 5°49 59 14 49 6 43 

4 3 51 5 444 58 55 48 48 3°48 

Ne 4 2 5 38 58 36 48 30) 43 

“6 (XIL 4 19/XII 5 92) XI 58 16/X1 48 13) XI 43 

97 4 22 5 26 57 50 47 55 43 | 
8 4 32 5 19 57 36 47 39| © 43 57 52 9) 
gi 4 41 § 11 57 10} 47 22 44 2 52 36) 
‘yo | 4 50 BS 5OVS5)) 42087 44.7 53-4 
11 |XIL 4 5o/XIL- 454) X1-56 95|X1 46 51) XI 44°14) X1-53 31 
12 ae 7 4°45 56 144 46 37 44°22 53. 59) 
wi} 515 4° 35 5553 46 22 44 30 54 28 
14 5 22 4 24 55 33 46. 8 44 39 54 57] 
15 | 5 28 413 55 12 45 54 44 49 55 25 
16 |XIT 5 35/XII 4 2) XI 54 51) XT 45 4aX1 45 of XI 55 55) 
17 5 40 3 50 54 30 45°30 45 11 5G 24, 
18 5 45 3 37 54 8 45 18 45 24 56 54 
ig | 5 50 Vad: 53 47 45.7 45 37), 57 23) 
20 Bee re 3 10; 53 20) 4457) 45 51 57.53 


56, XI'58 §| XI 44°47/XI 46’ 6/XI 58 23 


ey PALL 5) So XIE “-2 

22 6 0 2 41 52 45 44 38 46 21 58 53) 
128 6 3 226] 5224, 44 29) 40 36) 59 23 
24 6 4 211 52 3 44 22 46 55 59 53 
25 6 5 155] 5142) 4414, 47 13 KIT 0 23 
26 [XII 6 G6/XII 1 98) XI 51 22) XI 44° 8) XI 47 31/X o 32 
Be}: = '@°6 121 Ps | a © ne) da 1 22 
28 6 5 1 4 50 42 43°57 48 11 1.52 
29 Gah? aGhkyk®< sotzap. 49' 53h". 48'gap a aa 
ee 6 2 9 29 50 3 A350 48 54 2 50 


5 59(X1 59 49) 
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TABLE I.—Shewing what Tint it ought to be by the-Croa, 
For 1810; 1814, 1818, Bedi &e. ar Second after Leap Year, 


January 


April 


February.| March 


5, 
ise} * a 

ie M.S8.| H..M. S| H. M.S.) H. M.S.) 

| 2 (XID 3 48iXIag s7/XIf a2 49/KI 4 5/XI 56 55] XI 7 a6 
2 417 14, 4 1231) 33 47 56 50). .. 57 28 
3 445). 14121). 12 19 3 29) 56 43 57 a7| 
4 5 12 IAW ey, 12ecab oe a 56 36 57 47 
5 540s 14 ceghyy “Taage 2:53). 56ig0). \ 57 a7 
6 {XII 6 XI 14 37 XI 11 38,XII «2 36 XI 56 25| XI 58 a 

2 


7 6033 IASS HS PRIA 18 56 20 58 18) 
$ 6 59 14 24 11 9 Last 56 16 58 29) 
9) FPA” M4 go to BA a ggh  S6caz) 58 ae 
10 7.49; 14 37) 10 39 1-27; 56 9) 58 Sam 


7 : | | ans oH 
| 11 (XIE 8 19 XIE 14 97iX1f 10 o3i\XIL a 11, XI 56-4) XI 59. 4| 
| : 1437}, 10 7 054| 56 41 59 36] 
| 14 36 gQ 50 0 38 56 3). 59 284 
| 14 34 9 34 0 23 56.-21 59 40h 
| 14aa4 9 16 0.7, 562) 59 5a 
| XI 14 28 XU 8.50 XI 59 52 XI, 56 ol X18 gal 
| 14, 24 8.41). - 5037): 56. 3(XJI- 0 aim 
14839 8 241 - 59-23 56 4 © 31] 
14°13 Sib 59 9 56 6] O 43h 
14027 7 48 58 55} 56 8 oO | 
SAIL 14 ofXII 7 29'XI 58 42| XI-56 1X 1 gh 
13°53 Wand 58 30 5615 1 Qf 
| 13.44 O5po SR aL. p60ag ea | 
| ; 13.36 0-34, - 58 BF 56 a3} > 1/48 
Te 13 26 6 15 57 54 56 29 2 iff 


l13 16.XU “561X1 57 43 XI 56 94) XII 1 | 


| 5 2 

(2 13. 6 538: 57/33) ° 56.40) og 

| 908Gba SRO SReoe  - 5Oa 2 30) 

| rhe para ‘ews LE ed 5744 56 54 2 Sup 

i 3 39, — 4 42 (57 20 hq 2 3 a} 
“1s —. ps 4.24,  — Alb57 to), — | i 


E quation of Time. 


| H. M.S.| He M. | H. M. Ss. H: M.S. He M.S H.'M: S. 


| 


a eee ee ae en 


g 1581 5 58 XII o. 3X1 49 49\XI 43 47\X1 49 41]): 
3 27 5 54.X1 59 39} 3949 30) 43 451 | «497° 84) 
3 38 5 50 59 20 49 11 43 45 49 57 
3 5 3 40 50 21 
4 5 3 47 50 a 
XID 4 3 49. X1 51 91) 
4 3 51 51 36 
4 59 52 °3| 
4 1 52 20lf ' 
4 GF 52 56 


AA u | -wmnwr wn OU OY On OR =f 


DAAAOD tb 
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TABLE J.—Shewing what Tune it ought to be by the Croce 
_ For 1811, 1815, 1819, 1823, &c. or Third after Leap Year. 


i i 
SL pS ee ONT eee fe Le play ies Ngee RCI aT CTS 7 ; 


‘ 


January. 


February.| March. | April. , May. June. " 


HM. 8JH. M. S)H. M, S|H. M. S/H, M. S/H. M. §, 


1olXI 3 XE 57 18 


XID 14 96/XID aa 4elXI 2 4olXI 56 271% 


] 14 36 10 42 31 56 10 
} 11 jai 6|XIl 14 36)XII io e6/XII 1 i4.XI 56 7 
12 14 36 10 10 0 58 56. 5 
13 14. 35 9°53 041/56. 3 
14 14 33 9 37 026), 5G...2 
15 14 31 g 20 0 10 5On42 
16 58|\XI1-14 28/XII 9 XII 5X1 56 2 
127 14 24 8 45)8I 59 40, 956 2 
18 1419) 8 87) 59 26, 56 4 
19 14 14 Si 2 Ob% . HORA2 56 6 
20 14, 8 751] 5859] 56 8 
21 All z4 1j)XIL 4 3iXI- 58 46|XI 56 11/X10 
22 13 64 715 Sy 33 | BQuas 
23 13. 46 6 57 58 21 56 19 
2 13 38 6 38 58 9 56 24 
o 13 29 6 20 57 58 56 29 


26 |XIL12 50/XI1 13 191XIT 6 aIXI. 57 47/XI 56 95/XI 
2 13) 9 5.43) 57 371 5O 41 
| 28 12 58 5.24)°. 59 amt 56 49 
29 8 5 6 57 18 56 54 
30 — 4.471579), 572 


t 
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‘\ 


: 


| 
when the S U N’s Center is on the MERI DIAN—centinued. 


| “For 1811, 1815, 1819, 1823, &e. or Third after Leap Year. 


‘December. 


| [| | 


—— 


3 14/XII 6 o/XIIT o 3/XI 49 54/XI 
3 26 5 57/81 59 44) 9-49 
3 37|. - 5.53). 59,25). 49 
3 | 5 
3 5 


48 48 59 6, 8948 
59 43 58 46)- 48 ; 
g XI 5 37/XI 58 26 XI 48 
19) 31 58 6 48 


anne | RRR DSE 


Gt Or Or O11 OW 


q 


5 57,811 3 4 XI. 53 16, XI 44 

6 0. 250). 52.55 44. 

6 3 2°35 52 35 44 

6 5 220 52°14 44 

6 6 2 4 51 53 44 

6 7XIT 1 48.X1 51 393X144 
a0. 2 131) >> heals 44 
aa Budd on), SBR SL ot ota, 

6 6 Q.5 7a SONS 4 baS 

6. 5 © 39 50 13 43 51 

Ga XItioaal ie yc (XPbas 48 a aR 


sissies Sa continued. 


Febraary.| March. | April. May.) June.. ff 


Ho M. S/H. M.S. 


H. M. SH. M. S| H. M.S.) Ho M, 


XIE 3 99/KU' 2g 51/XIP 12 7X1 9 56(XI 56 541X157 
pC) ae we 13 59 12 24 


3371 56 46 57 33m 
4 29 147 19049 | 


ean agragh. 31'58 
5 25)°-' 14 19) 11 44 


WW G Ww Ww 
—" 
ie) 
Or 
Oy 
oo 
© 
Or 
AS 


IXIF 5 52 XII 14 oa\ XIE 11 30 XII 
a 6 18 bg) Pont AIAG 

6 44 14 31 Il 1} 
7 
7 


iof = 14. 33,10 45] 
"7 351 14°35] ¥0. 30 


tet i DOD 
Ke) 

r On 
Dn 
bec 
e2) 
On 
lore) 


Eames ae pg ae Ea! 

Dit (XE 7 sof X11 44 36X11 10 14/XII a o/XI 56 © 
| 8 23 14 36 

47| 14 35 


SET FOR en, ee ey pee eee a ee eee ee 


x 12 46IXI1 13 2 


5 2 
12 59 13°11 5 2 57 290] .. 56 45 2 
18°11 ABT OP 5 OPP a SGA 6. 508 5 Uh ce a 
‘13° 22 -12 40 4 51 ‘57 10f 56 59 2 58). 
Me Mole at a. 33 i atest a ae 3 "9 


Br WXEY 19° 49 er an 4 : ets 57.15 


b 
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when the SU N’s Center is oni the MERI DIA N—continued. 


For 1812, 1816, 1820, 1824, &c. or Leap Year. 


July. Augutt.: Sept. | O@ober. |November.,December.} | 

. M. 5! H. M. S/H. M.S.) H. M.S. H. M. Sj B. M. a 

aa | i 

1 (XI 3. a1) XII 5 sAXI 59°48 XI 49 39 XI 43 45.X1 49 22) 

8 ena ge: 552 59 20) 949 20/ 43 45) «49 45 

oak 3 44 5 48 59 10} 49 1 43 45 50 OF 

4 3 55 5.43 58 51 48 43 43 46 50 33} 

5 4 6 5,38 58. 31 48 20, . 43 47 50 58 

' 6 |XII 4 16X11 5 30\XI 58 11/X] 48 gXI 43 50 XI 51 244 

at 7 4 26 5 25 57 51 47 5} 43 54. 51 50. 
8 4 35 SPB SA IQ aS 47 app Oe ASU SSH sy 62° 168 

Tee! 4-45 Toe, 57 11 47 19)... 44 3) 82 43) 

10 4 54 pS 5G 50 47 3 44 9 $3.21) 

in |(XEL 5 a XI 4 59XI 56 golXI 46 48'XI 44 16 XI] 53 38 
12, 5.10 4 43 55 9)- 46 33 44 23° 54 6] 

13 Bitz 4 33 55 48 46 18 44 32, 54 35) 

~ | 14 5 24 4°22 55 27 40 5) 44 41, (55. 4] 
415 5 31 41 S5 tO 45 50 otter 55 339 
16 |XAH 5 37,XII 3 590 XI 54 45 X1 45 so XI 45° 2X 56 2) 

17 5 42 347) 54.24). 45027 dd a4f 0, SO 354 

18 5.47 534s Nets 45.15, 45 26 57 14 

19 5 52 324 53 42 45 4 45 40 57 308 

~ || 20 5 55 337 53.21 44 54) 45.544 58 of 
| - t 

21 |XI1:5 59 XI] 2 52 XI]. 53 ol XI 44 44 XI. 46 g XI 58 39% 

22 64 23 52 30), 44 35) °° 46.25) 59 0 

a 6 38 - 42 52 18 44 29 45 41 59 30 

24 6 5 SIF 51 57 44 19 46 59X11 oo 

25 6 6 1 59 peg dhlas)) hagas 0 30 


a 


26 IXIL 


Dragan 


*,.* OBSERVE by a good Meridian Line, or 
by a Tranfit Inftrument, properly fixed, the Mo- 
ment when the Sun’s Center is on the Meridian ; 
and {et the Clock to the Time marked in the pre- 
ceding Tastes for that Day of the Year. Then if 
the Clock goes true, it will point to the Time 
fhewn in the Table eve Day afterward at the 
_Inftant when it is Noon by the Sun, which is when 
his Center is on the Meridian.—Thus, in the firft 
Year after Leap Year, on the 20th of O@ober, ~ 
(p- 165.) when it is Noon by the Sun, the true 
-e€qual Time by the Clock is only 44 Minutes 57 
Seconds paft XI; and. on the laft day of December 
(in that Year) it fhould be 3 Minutes 1g Seconds 
paft XII by the Clock when the Sun's gingers is 
~ on the Meridian. 


The following Table was made from the pre- 
_ ceding one, and is of the common form of a Table 
of the Equation of Time, fhewing how much a> 
Clock regulated to keep mean or equal Time is _ 
before or behind the Apparent or Solar Time~ 
every Day of the Year. 


TY. 


eo Ae te 
ae ee: 


EQUATION or TIME, 


_ ~SHEWING 

How much the Time by aC LOCK fhould be or that by the 
SUN, at the Noon of every. Day in the Year, both in Leap » 

. Years and Common Years. 3 


[The Afterifks in the Table fhew where the Eguation changes to 
| | | Slow or Faf.] : 


Ge ba ee Tables of the 
rr 


i. 


IL—TABLE of the EQUATION of TIME; Shewing 
3 the Sun, every Day of — 


For 1809, 1813,,2817, 1821, &c. or Firft after Leap Year. 


(ae Cot dats a 
2 4323 
3} 4951 
4} 5184 
Ti ae Me 
Oe Se 8 Ps 8 
7 | 65538 
8.72 3 
9} 7° 29 
A ey Ms 
11 8- 17 
12 S 4k 
9 8 
LA eG 2p 
15] 9 48 
16 | 10 9 
by A Re Fa 

| ES | MOUS AS 
ro haf 
20}. 11° 25 

} 21 | 41 42 
22 1/11 59 
93) 12 15 
Ya ee a Xe) 
25] 12 43 
26 | 12° 57 

be ea 
28 | 13 20 
29 4.13 31 
g0 [i Tan 41 

Soea Selenmeneaes b 


+ 


i ae aa 
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bow much a Crock fhould be FAST ER or SLOWER than 4 


‘the Year, at Noon. 


July. | Auguft.| Sept. | O&ober. Nov. | 


on = 


‘Me S.|M. S.|M. S. iM. So) M. 8.]M, 


5 56 
5 053 
5.249 
5 4d 


4 


14 180 


es | — 


10; “17. 
10 435 
10554 
T1W12 
it ‘30 


POs 
12 421 
igs) 
12 7 38 
12 53 | 


13. 9 
13° 23 
19) 93 
13° 52 
14 5 | 


BRUAW OHS 
3 fn) 
os ow 


a) 


14 30 
14. 42 
34 153 
15,03 


a, 2 


SET in | G1 bo + red cs tl teat ec 


b> tS US GO 


{45 13 


15 22 
15 31 
15 38 
15 46 


as 
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sabe a 


' 


ae) ke 
12@31 
12 5°19 
12% 6 
MOMS: 


11‘ *98 
11 p24 
11g 9 
10° 54 
10 39 
sp te) 
10.4 
Ona a: 
A i 8 
g 16 


wee | ey 


26:|"12) ‘53 |-19) 16 5 56° | 
274] 19. 5 Gh igh 6. | ose ee at gy. 
28 | SP 7 Tae oe 5 19 a SF 
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a Clock fhould be rasTER or sLoweR than the Sux,—continued. 


4 ~ 


4 For 1810, 1814, 1818, 1822, &e. or Second after Leap ‘Year. 


Sept. a. Oaober:: Nov. Dec. 


8/3 MM. 


2 SS Al re 4a 1 OC) 8- 49 
1258 12% 0 19 9 824 
2218 12317 103 Al, «PF BRqI 
253 127933 | 1559 }.°7 3 3a 
2.59 | 12 49), 15 54 ye Ae 
$2) SOV ISH eho ll Ls) 48 6 36 
SAR SASH 200 15155) 4b 6 9 
4 °21;23 35 | 15. 331 5 41 
4 23,13 “49,15 25) 5 12 
4.44/14 2,15 15) 4 434 
5 5) 14.16) 15 he 4 14 | 
5 26) 14 28) 14 53] 03. 45 |] 
5 47. }14 49114 41) 3 15] 
6 8114 51 | 14--28 2 45 | 
6.20715 Sg ag | eg 
6 50. |-a5 | aay} 23 59 | 38 45 
yee E Q1'|.93 ' 44 | or) 194 
7 32415 29.513 27) 0 45 | 
7 52) 995132 Pas 1%] 9 PS 
Be ee da | IS Be or a 


Owmowo @©o 
= 
Go 
= 
Nn 
pes 


(Ae tench INNA GOOLE ns SpE Dc St STELIOS nk AD PD hyn Na Sa 


F i) @ INA continued, 


Il.—T A BL E of the Equation of Time ; Shewing how mueh 


1 1 * . ’ 


For 1811, 1815, 1829, 1823, &e. or Third after Leap Year. 


é Jan, Feb. March. | April. | May. June, 


mS 
3 ’ So Tee ree LL AA eee et eee ere ES SAS SS 
{A sro se Me S| M. S$; PMy S| M. S. 


1 S442 1.25 155 | TS 47 4.) 40 | - 207 5 

2) “4 M10 | 14.0°3 | 12035" 3052] SQF ] -2% 
3} 42938 | 14810] 12922 | 3934) 3¢15 

4 5m 6 | 147716 | 12%" 9 3°16 BFE bh os 

& P85 993 14 Pet P11 1 GP Me | ee Pr Ca. ee eg 


—s= 


ge ge Capers fla ean hg ales 
14°34 | 10758 | 1748 | 3347 
14 36) 10 42 1} St PF es } 50 


oT O'S Tis oO 1 tie | Sao.) Bae 
| 6 pe | 14599" | 11 He7 | 2 ae |g 3s 
8 
9 
) 
11 SPOT Ia ao TO ee TT ere ey ee eae 
12 8130) 14 46 (20) TO | oo 158 8.) 55 Oo 47 | 
13,:| “81 58°94) 85 1 9 1531.40 (AP | te | by | Co 7 gam 
PA SOS 1 14. BS | 8-1 $7.) 01 B61 3 66 | Co ae 
15 O.g7 | BA St Q 20 0 10 3. 58 o 10 
16} 9 58}a14 28]}-9 ~e | 0 Os et 
r7‘| to. YB | 44 (24) 93.) 45 Co ago | +3 1 58 1 so mre 
iS! 10 38 | 44 99 | 18-) OF | Coo Be 1 He" 56.) Co og 
“19 | 30 571 14 14) 8) JG | "Om‘S | § 9) 54 | COS 
20,91 10) 94 | 98) oe ga) BP Oe | ep See ee 
ar Prt es P1gl ar or gs | i a a sae 
1 22 |} 41-504 13 54 7 #15 127 3 45 12] 
93 [42 6) 8 46) 26 ey a eeg | fed aN 134 
a4 | 12° 99.):93 138 | 96 38 | a S5r 1% 36 | at ae 
$5,112 . 865) ang’) 9¢ 6 20 b Te 3: 1 2; Tom 
2 PTS RO TS IO OTe as eae) eee 
27/3) “9)) 43) '9 | OB 1 ag] (2 ee el fo) Ye. beam 
28 | 13 R112 58 5 24 2 32 8 19] 52 38 
2 4 ae 
2 3 


For 1821, 1815, 1819, 1823, &c. or Third after Leap Year. 


> July. Auguft. ‘Sept.. | Oétober.| Nov. Dec. 
cy —=| + —}— SEED 
145 |M..s.>M, s.]/M. S./ M. S. | M.S.) M.S. 


OS QIAN ES OG, B30 Sle “Org 3 ie IO £76) 1616, otg'b 10 156 
3.026 | 5.057} ©Q16} 10026 | 16.015.| 10433 
3237 |. 5253] 0235 | 10545 | 16516 10510 
3°48 | 5548 | OF 54] 110.39) 16516]. gr47 
3°59) -5 43 Ush4 ly 2 621i pg 45 7G 922i 


—— ee ee 


— 


feate) CONT O | OB 69 0 


4 TT 539 }, 26 2h3 p38. 957 

4 11:56 | 16510} 85532 

4.329 me 5 12213 | 163.7 | 84 6 

4°38} 5: 34 12830 | 165 2} 78.39 
1 a £87 12-46) 15 57 | 7.12 
ii 4 43 5.2 | 15 -51 6 44 
ma2| 5 W3 617 45 44 G 947 
Bip s 49.982 hte SO ih 5-948 
445 19 946 95-27 5 «20 
Si aes, 13.59 }.15 18 | 4 551 
so & TA PQ WH a7 i, 4 BRI 
“ea es 14 985,74 156 1.5.3 +52 
as] 5 1437414 441.3 eal 
19} 5 14 48 }.14 31} .2 53 
p2°'; 5 aR O89 TH 027 ee 2 83H 


fer} 5 15 0 9 /La4 6o3 bed 153 
22'| 6 1A aS bh tS a7 Loe 
93 | 6 15 £27113 631 |. 0 53 | 
p24 | 6 TS O85 $23. 224 b¢ O cage 
8251 6 Th cA? 119-057 by One 7 | 
——— aa Somer rye 
26 | 6 15 ¢49-p02 098 [+ 0 437 | 
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I].—T ABLE of the Equation of Time ; Shewing how much 


For 1812, 1816, 1820, 1824, &c. or Leap Year. 
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a Clock fhould be raster or sLower than the Sun,—continued. 


For 1812, 1816, 1820/1824, &c. or Leap Year. 
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182 . Of the ‘Equation of Time. 


SI, 

A concife Equation Tasrr, adapted to the Second Year after Leap} | 
Year, and will be within a Minute of the Truth for every. Year; 
fhewing, to the neareft full Minute, how much a Clock fhould be , 
fatter or flower than the Sin. “By Mr. Smeaton.” H 
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This Table is near enough for regulating common Clocks and rf 
Watches. It may be eafily copied by the Pen, and being doubled, may 
be put into a Pocket-book. . . " 


For further information, refpecting the proper method of computing 
the equation of time, the reader is referred toa paper by Dr, Mafkelyne 
in the Philofephical TranfaGions for the year 1764.—Hd, See 
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Of the Preceffion of the Equinoxes. 


246. TT has been already obferved, § 116, that 
by the Earth’s motion on its Axis, there 
‘is more matter accumulated all around the Equa- — 
toreal parts than any where elfe on the Earth. 
The Sun and Moon, by attraéting this redun- 
dancy of matter, bring the Equator fooner under 
them in every return towards it, than if there was — 
no fuch accumulation. Therefore, if the Sun fets 
out, from any Star, or other fixed-point in the 
Heavens, the moment when he is departing from 
the Equinoéctial or from either ‘Tropic, he will come 
‘to the fame Equinox or Tropic again 20 min, 174 
fec. of time, or 50 feconds of a degree, before he 
completes his courfe, fo as to arrive at the fame 
fixed Star or Point from whence he fet out. For 
the Equinoctial points. recede -50 feconds of a de- 
gree wellward every year, contrary to the Sun’s 
annual progrefiive motion. te 
~ When the Sun arrives at the fame * Equino@tial - 
or Solftitial point, he finithes what we call the 
Lropical Year; which, by obfervation, is. found to 
contain 365 days 5 hours 48 minutes 57 feconds: 
and when he arrives at the fame fixed Star again, 
as feen from the Earth, he completes the Sidereal 
‘Year, which contains 365 days 6 hours 9 minutes 
14% feconds. The Sidereal Year is therefore 20 
minutes 175 feconds longer than the Solar or Tro- 
pical Year, and g minutes 144 feconds longer than. 
the Julian or Civil year, which we ftate at 2065 days. 
6 hours: fo that the Civil year is almoft a mean 
betwixt the Sidereal and Tropical. | 


* The two oppofite points in which the Ecliptic croffes the 
Equinoctial, are called the Eguinoétial. points: and the two 
points where the Ecliptic touches the Tropics (which are 
likewife oppofile, and go degrees from the former) are called 
the Soljlitial points. Ae 
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Of the Precefiion of the Equinoxes. 


\247. As the Sun defcribes. the whole Ecliptice; * 


or 360 degrees in a Tropical year, he moves 


59’ 8” of acegree every day ata mean rate: and 


confequently 50% of a degree in 20 minutes 174 
feconds of time: therefore he will arrive at the 


fame Equinox or Solftice when he is 50% of a 


degree fhort of the fame Star or fixed point in the 
Heavens from which he fet out in the year before. 
So that with refpect to the fixed Stars, the Sun and 
Equinoétial points fall back (as it were) 30 degrees 


in 2160 years, which will make the Stars appear - 


to have gone 30 deg. forward, with refpect to the 


Signs of the Ecliptic in that time: for the fame _ 
Signs always keep in the fame points of the Eclip- 
‘tic, without regard to the Confiellations, a 


‘Yo explain this by a Figure, let the Sun be in 


Conjunction with a fixed Star at S, fuppofe in the 


goth degree of ¥, on the 2ift day of May 1756. 
‘Then making 2160 revolutions through the Echip- 
tic VIV_X, at the end of fo many Sidereal years, 
he will be found again at S: but at the end of fo 


many Julian years, he will be found at JV, fhort of . 


‘S, and at the end of fo many Tropical years, he 


.will be found fhort of M, in the 30th degree of Tau- 


rus at 7, which has receded back from Sto 7’ in 
that time, by the preceffion of the Equinoétial 
points » Ariesand. 2 Libra, The Arc S F will 
be equal to the amount of the preceffion of the 
Equinox in 2160 years at the rate of 50% of a de 


gree, or 20 min. 17% fec. of time annually :. this, 


in fo many years, makes 30 days 104 hours: which 
is the difference between 2160 Sidereal and Tro. 
pical years. And the Arc MT will be equal to 
the {pace moved through by the Sun in 2160 times 
11min. 3 fec. or 16 days 13 hours 48 minutes, 
which is the difference between 2160 Julian and 


. \Lropical years, | 


= 


‘248. From the fhifting of the Equinoétial points, | 
and with them all the Signs of the Ecliptic, it fol- - 


_ dows that thofe Stars which in che infancy of Aftro- 


nomy 


f 
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A TaBLe owt ing the Preceffion of the Equinottial Points 
in the Heavens, beth in Motion and ‘Ptme; and the 
Anticipation of the Equinoxes on the Earth. 


Preceffion of the Equinotiial Points BN. Oe 
Anticipation 
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186 Of the Precefion of the Equinoxes. 
nomy were in Ariesand now gotinto Taurus : thofe 
of Taurus into Gemini, &c. Hence likewife it is, 
that the Stars which rofe or fet at’ any particular 
feafon of the -ycar, in the times of Hesiop, Eu- 
poxus, Virein, Priny, &c. by no means anfwer 
at this time to their defcriptions, The preceding 
Tasze fhews the quantity of this fhifting both in 
the Heavens and on the Earth, for any number of 
years to 25,920; which completes the grand celef- 
tial period: within which any number and its quan- 
tity is eafily found, as in the following example, 

for 5763 years; which at the Autumnal Equinox, 
A, D. 1756, is thought to be the age of the world. 
So that with.regard to the fixed Stars, the Equi- 
noctial points in the Heavens have receded 
2° 20° 2’ 30” fince the creation; which is as much 
as the Sun moves in 81° 5° 0" 52". And fince 
.that time, or in'5763 years, the Equinexes with 
us have fallen back 44* 5° 217 9°; hence, reckons 
ing from the time of the Julian Equinox, 4D, 

4756, viz. Sept. 11th, it appears that the Autum- 
nal Equinox at the creation was on the 25th of 
Odtvber, . | | 


Preceflion of the Equinoétial Points | Anticipation of 
in the Heavens, || the Equinoxes 


Motion. ‘Time. on the pate 
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The Anti . 249., Lhe anticipation of the Equinoxes, and 
cipati« of Contequently of the Seafons, is by no means owing 
the Equi- a ‘oo ' 7 + . ine 
noxesand tO the preceffion of the Equinoctial and Solftitial 
* Sesion. points in the Heavens (which can only affeét the 


apparent 


Of the Precefiion of the Equinoxes, | 


apparent motions, places, and declinations of the 


and Solar year, which is 11 minutes 3 feconds ; 
the Civil year containing 365 days 6 hours, and 
the Solar year 365 days 5. hours 48 minutes 57 
feconds. The next following Table, page, 190, 
fhews the length, and confequently the difference 
of any number of Sidereal, Civil, and Solar years 
from 1 to 10,000. | 


250. The above 11 minutes 3 feconds, Ly which 
the Civil or Julian year exceeds the Solar, amounts 
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fixed fiars), but to the difference between the Civil 


Thereafor 


for altering . 


the Style. . 


to 11 days in 1433 years: and fo much our fea- ° 


the months, fince the time of the Nzcene Council 


in A D. 325, and therefore, in order to bring back | 


| 
| 
| fons have fallen back with refpeét to the Days of 
: 


all the Fafts and Yeftivals to the days then fettled, 
it was requifite to fupprefs 11 nominal days, And 
that the fame feafons might be kept to the fame 
times of the year for the future, to leave out the 
Biffextile day in /ebruary at the end of every cen- 
tury of years where the fignificant figures are not 
 divifible by 4 ; reckoningthem only common years, 
“as the 1 7th; 18th, and Toth centuries, viz. the 
years 1700, 1800,.1900, &c. becaufe a day inter- 
calated every fourth year was too much, and re- 
taining the Biffextile-day atthe end of thofe Centu- 


goth, and 24th Centuries; viz. the years 1600, 


feafons would be quite reverfed with regard to the 
months of the year; though it would have required 
near 23,783 years to have brought about fuch a 
total change. If the Earth had made exactly 3654 
- diurnal rotations on its Axis, while it revolved 
from any Equinoétial or Solftitial pomt to the fame 


_ kept pace together, and the Style would never 
have required any alteration. 


ries of years which are-divifible by 4, as the 16th, | 


2000, 2400, &c. _ Otherwife in length of time, the | 


again, the Civil and Solar years would always have . 


( _ fion of rhe 
P: eceflion Equino@ial 


points, 


251. Having already mentioned the caufe of the The Procet- 
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PLATE “PrecéMion of the Equinoétial points in the Hea-- 
— fyens;'§ og which occafions a flow deviation of - 
the Warth’s axis-from its paralleliim, and thereby 
a change of sheéleatinaifelt of the Stars from the 
iqiia tor, together with a flow apparent motion of 
the Stars forward with refpect to the Signs of the 
ioe iptic, we fhall now explain the phenomena by 
4 Di: agram, 
Fig. VI. Let NZ SV Lbethe Earth, SON 4 its Axis pro- 
duced to the fiarry Heavens, and terminating in 4, 
the prelent north Pole of the Heavens, which i is 
vertical.to N the north Pole of the Earth. Let . 
EODbe the Equator, T's Zthe Tropic of Cancer, 
and Vy the Tropic of Capricorn: VO Z the 
Ecliptic, and B O its Axis, both which are immove- 
able among the Stars. But as * the Equinoétial 
points recede. i in the eG the Earth’s Axis 
5 QO N is in motion upon the Earth’s center O, in 
fuch a manner as to defcribe the double Cone 
‘NOnand SOs,round the Axis of the E-cliptic BO, 
in he time that the Equinoétial, points, move 
quite round the Ecliptic, which is 25,920 years; 
and’ in. tha .t length of time the north Pole of the 
Tarth’s. Axis produced; ‘defcribes. the - Circle 
AB CD A, in the ftarry Heavens, round the Pole 
of the. Ecliptic, which keeps immovable in the 
center of that Circle. . The Earth’s Axis being 294 
degrees inclined to the Axis of the Ecliptic, the 
Circle AL CD A, deferibed by the north: Pole of 
the Earth’s Axis produced to A, 1s 47 degrees in. 
diameter, or double the inclination of the “Earth’s 
AXIS, In confequence of this motion, the point 4, 
which at prefent is the north Pole of the Heavens, 
aud near to aliar of the fecond maguitude in the 


fers. si 


_™ The Equinodial Circle interfects the Ecliptie in two op- 
pefite points; namely, the firft points. of the figns Aries and - 
sigh They” are called the Equinoctial Points, becaufe 
when the Sun is in either of data’ he is’ directly over the 
terreftrial Equator; and then the dass and nights are 
equal, 


tail 
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tail of the conftellation called the Little Bear, mut 


“be deferted by the Earth’s Axis; which moving 


backward a degree every 72-years, will be directed 
towards the Star or point B in 6480 years from this 
time: and in twice that time, or 12,960 years, It 


will be direé&ted towards the Star or point C: 


_. which will then be the north Pole of the Heavens, 


although it is at prefent 8% degrees fouth of the 
Zenith of Londen L. ‘The prefent pofition of the 
Equator EO 2 will then be changed into ¢0O 4g, 
the Tropic of Cancer T’a. Z into Vt @ and’the 


Tropic of Capricorn V ‘Typ into ¢ wp Z3 asisevi- i 
- dent by the Figure; and the Sun, when in that | 
' part of the Heavens where he is now over the 


earthly Tropic of Capricorn, and makes the fhorteft 
days and longeft nights im the Northern Femi- 


phere, will then be over the earthly Tropic of - 


Cancer, and make the days longeft and nights 


 -fhorteft. And it will require 12,960 years more, 


or 25,920 from the prefent time, to brite the 
north Pole N quite round, fo as to be direttéd 
towards that point of the Heavens which is vertical 


to it at prefent. ‘And then, and not till then, the. 
fame Stars, which at prefent defcribe the Equator, 


Tropics, and Polar Circles, &c. by the Earth’s 


diurnal motion, will defcribe them over again. 
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- TABLE fhewing the Time contained in tiers Number of SIDEREAL, 
SuLiay, and Soran vey Hee 1 to 10000.: 
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CHAP. xv 


The Moon's Surface mountainous ; Li 2 Phafes na 
feribed : Her Path, and the Paths. of Fupiter’s 
Moons delineated: The Pr ‘oportions of the Diame- 
ters of therr Orbits, and thefe of Saturn’s Moons, 
to each other 3 and the Diameter of the Sun. 


¥ ankieitan at the Mak with an ordinary PLATE 
a: SIGCOES we perceive e that her furfaceis ¥" 
diverfified with long tracts of predigious high 

_ mountains and deep cavities. some of her moun- 
tains, by Gon pay ing their height with her diameter 
(which is 2180 mi! Jes), are found to be three times 
higher than the Henet hills on our pith ‘This The 
rnggednels of the Moon’s furface is, of great ufe — 
to us, ‘by reledting | he sun’s light to all fides : for mountains 
if the Moon were fmooth and polithed like a° 
looking-glais, or covered with water, fhe ee 

_ never difiribute the Sun’s light all round: only in 

fome | poh fitions fhe would thes wus his.image, no 
bigger than a point, but with fuch a luitre as 
_would be hurtful to our eyes. 


an ti ‘The Moon’ s furface being fo uneven, many 
have wondered why her edge appears not jagged 
as well as the curve bounding the light and dark 
parts. Butif we con fider, that what we call. the 
edge of the Moon’s Dilc is not a fingle line fet Whyne 
round with mountains, in which cafe it would ap- aa 
pear irregularly indented, but.a large gone having *¢8 
many. mountains lying behind one another from 
the obferver’s eye, we fhall find that the mountains | 
in fome rows will be oppofite to the vales.in others; 
and fill up the inequalities fo-as to. make her ap- 
pear quite round; juft.as when one looks at an 
orange, although its roughnefs be very-difcernible | 
ona the fide next the eye, efpecially if the Sun ora 
Candle fhines obliquely. on that fide, yet the line 

terminating 


ca 
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ae terminating the vilible part ftill appears foots 
and even... | 


TheMoon  9.r4, Ag the Sun can only enlighten that half 
has-ne twi- 
Yet of the Earth which is at any moment turned to- 


_wards him, and being withdrawy from the oppo- 
fite half, leaves it in darknets. ; fo he likewife doth 
to the Moon; only with this difference, that the 
an being furrounded by an Atmofphere, and 

the Moon, | as far as we know, having none, we 
have twilight after the Sun-fets; but the Lunar 
inhabitants have an immediate tranfition from the 
brightett. Sunihine to the blackeft darknefs :: § 177- 
For, let £rk& sw be the Earth, and 4, B, C, D, 

Feet. . Ly FG, A, the Moon in eight differdnt parts of 
her Orbit. As the Earth turns round its Axis, 
from weft to eaft, when any place comes to ¢ the ° 
twilight begins there, and when it revolves from 
thence tor the Sun‘§ rifes; when the place comes 
to s the San fets, and when it comes tow the twi- 
light ends. But as the Moon turns round her Axis, 
Which is only oncea month, the moment that any 
point of her furface comes to r (fee the Moon at 

_ G) the Sun rifes there without any previous warn 
ine by twilight; and when the fame point comes 
tos the San fets, and that point Bpes into darknefs 
as black as at midnight. 


TheMoon’s 255, Phe Moon beihe an opaque ivhitival heady. 
oo (for her hills take off no more from her roundnets 
than the inequalities on the furface of an orange 

take: Ss ihe its roundneds), we can only fee that 

part of the enlightened half of her which is towards. 

the ici . And therefore when the Moon is at 

4;.in conjun@ion with the Sun S, her dark half 

is towards the Earth, and fhe difappears, as at aj 

_there being no light on that half to render it vifis 

ble. When the comes to her firft OGant at B; ot 

has gone an eighth part of her Orbit from herCons — 
junction, a quarter of her enlightened fide is feen 
towards the Karth, and ihe appears horned, asvat’ 

h. When fhe has gone a quarter of her Orbit 

from eh the Earth and San to C, fhe {hews 

* us 
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us one half of her enlightened fide, as at c, and wé 
_ fay, the is a quarter old. At D the is in her fecond 
Octant,-and by fhewing us more of her enlight- 
ened fide ihe appears gibbous, as atd. At E her 
whole enlightened fide is towards the Earth, and 
_ therefore fhe appears round, as at e, when we fay 
it is full Moon. In her third O@ant at fF, part 
of her dark fide being towards the Earth, fhe 
again appears gibbous, and is on the decreafe, as 
at /, At G we fee juft one half of her enlightened 
fide, and fhe appears half decreated, or in her third 
Quarter, as atg. At H we only fee a quarter of 
her enlightened fide, being in her fourth Octant, 
where {he appears horned as at hk. And at ft 
having completed her courfe from the Sun to the 
Sun again, fhe difappears; and we fay, it is New’ 
~Moon. Thus, in going from 4 to E, the Moon 
feems continually to increafe; and in going from 
£; to A,.to decreafe in the fame proportion ; having 
like Phafes at equal diftances from A to i, but as 
feen from the Sun S, fhe is always Full. 


: 250. The Moon appears not.perfeétly round tThesoons 
when fhe is Full in the higheft or loweft part of Dife not al 
> her Orbit, becaufe we have not a full view of her ahaa 

enliglitened fide at that time. When Full in the whea Full. 
 Ingheft part of her Orbit, a fmall deficiency ap- 
_ pearson her lower edge; and the contrary when 
Pull in the loweft part of her Orbit. 


257. It is plain by the figure, that When the The Phates 
Moon changes to the Earth, the. Earth appears 31 earth 
_ Full tothe Moon; and vice ver/d. For when the contrary. 
_ Moon is at 4, New to the Earth, the whole en- 
_ lightened fide of the Earth is towards the Moon ; 
_ and when the Moon is at E, Fullte the Earth, its 
dark fide is towards her. Hence 2 New Moon - 
_anfwers toa Full Earth, and a Full Moon toa New 
| f£arth, The Quarters are aifo reverfed to each 
_ other, a a 
. O 2 


hi © 
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a pgree- 258. Between the third Quarter andChange, the 
adie 1e=- 
ttomenon. Moon is frequently vifible in the forenoon, ever 
when the Sun fhines; and then fhe affords us an 
opportunity of feeing a very agreeable appearance, 
wherever we find a globular fione above the level 
of the eye, as fuppofe on the top of a gate. For, 
if the Sun fhines on the ftone, and we place our- 
felves fo as the upper part of the ftone may juft 
feem to touch the point of the Moon’s lowermoft 
horn, we fhall then fee the enlightened part of the 
ftone exattly of the fame fhape with the Moon ; 
horned as fhe is, and inclined the fame way to the 
Torizon. The reafon is plain; for the Sun en- 
lightens the ftone the fame way as he does the 
Moon: and both being globes, when we put our-. 
felves into the above fituation, the Moon and 
fione have the. fame pofition to our eyes; and 
therefore we muft fee as much of the illuminated — 
part cf the one as of the other. 
The Nona 259. The pofition of the Moon’s Cufps, or a 
Desiee, Tight line touching the points of her horns, is. very 
what.’ differently inclined to the Horizon at different 
hours of the fame days of her age. Once, 
during the interval of time between the rifing and 
fetting of the Moon, an imaginary line joining her 
| Cufps and produced to the Horizon, will be 
perpendicular thereto; when this happens, fhe 
is inthe Nonagefmal Degree ; 3 which is the higheft 
point of the ‘Ecliptic above the Horizon at that 
time, and is 90 degrees from ‘both fides of the 
Horizon where it isthen cut by the Ecliptic., But © 
_this never happens when the Moon is on the Meri- 
dian, except when the is at the ses heginaing of 
Cancer or Capricorn. 
Acimanen . 260. The inclination of that part of the Ecliptic 
of thee to the Horizon in which the Moon is at any time 
ic may be 
foundby When horned, may be known. by’the pofition of 
pet vay her horns ; for aright line yids their Poe 
Moon’s 19 . is 
horns, : 
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is perpendicular to the Ecliptic, And as the PLATE 
angle which the Moon’s Orbit makes with the Y** 
Ecliptic can never raife her above, nor deprefs her 
below the Ecliptic, more than two minutes of a_ 
degreé, as feen from the Sun; it can have no 
- fenfible effect upon the pofition of her horns: 
Therefore, if a Quadrant be held up, fo as one 
of its edges may feem to touch the Moon’s horns, 
the graduated fide being kept towards.the eye, 
and as far from the eye as it can be conveniently 
held, the Are between the Plumb-line and that 
edge of the Quadrant which feems to touch the 
Moon’s horns will,fhew the inclination of that part 
of the Ecliptic to the Horizon. And the Arc be- 
tween the other edge of the Quadrant and Plumb- 

Nine will thew the inclination of a line, touching © 


_ the Moon’s horns, to the Horizon: 3 

261. ‘The Moon generally appears as large as Fig. 1. 
the Sun; for the Angle v & A, under which the + gen 
Moon is feen from the Earth, is the fame with the pears.as bie 
Angle Lk M, under which the Sun is feen from it, * 5° 
And therefore the Moon may hide theSun’s whole 
Dife from us, as fhe fometimes does in folar 
Eclipfes. The reafon why the does not eclipfe 
the Sun at every Change, fhall be explained after- . 
ward. If the Moon were farther from the Earth, 
as at a, fhe would never hide the whole of the 
San from us; for then fhe would appear under 
the Angle Nk O, eclipfing only that part of the 
Sun which lies between N and O: were the fill 
farther from the Earth, asat X, fhe would appear 
under the fmall angle TL JV, like a {pot on theSun; 
hiding only the part TW from our fight. 
_ 262. That the Moon turns round her Axis in , eiOat ck 
the time that fhe goes round her Orbit; is quite the Moon's 
demonfirable ; for a fpectator at reft, without rns 
the periphery of the Moon’s Orbit; would fee all Axis 
her fides turned regularly towards him ‘in that 
time. She turns round her Axis from any Star to 
_ the fame Star again in 27. days 8 hours; trom an 
be 7 | ) 2, un 


- and minute: 


196 Neal Eafy Way of reprefenting 


Sun to the Sun again in:29% days: the former ig 
the length of her fidereal day, and the latter the 
length of her folar day. A body moving round 
the Sun would have a {olar day in every revolution, 
without turning on its Axis; the. fame as # it 
had kept all the while at reft, and the Sun moved’ 
round it: but without turning round its Acxis it 
could never have one fidereal day, becaufe i it, would 
always keep the fame fide towards any given Star. 


| Her perio- ~—-263. If, the Earth had no annual motion, the 
y 
nodical Re- Moon would go round it fo as to complete a Lu- 
_ Volution. nation, a fidereal, and a folar day, atl in the fame 
| time. But becaufe the Earth goes forward in its 
Orbit, while the. Moon goes round the Earth in| 
her Orbit, the Moon mutt go as much more than 
round her Orbit from Change to Change in com- 
pleting a folar day, as the Earth has gone forward 
in its Orbit during that time; 1.€, alniod a twelfth 


part of a Circle, 
Famikiarly — 264. The Moon’s periodical and fynodtcat 


repre- 
fenwi, | revolution may be familiarly reprefented by the 
~ motions. of the hour and minute hands of a watch 
round its dial-plate, which is divided into 12 equal 


parts 
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* The time of conjunction of the hour and mipute hands, is 
fe and t by. dividing the produd of twelve heurs and the next 
lefs 


ay 


Lhe Motion of the Sun and Moon. . 


parts or hours, as the Ecliptic is divided into 12 
Signs, and the year into 12 months. .Let us fup- 
pofe thefe 12 hours to be 12 Signs, the hour-hand 
the Sun, and the minute-hand the Moon ; then 
the former will go round ence in a year, and the 
latter once in a month: but the Moon, or mipute- 
hand, muft ge more than reund from any point — 
of the Circle where it was laft conjoined with 
the Sun, or hour-hand, to overtake it again: for 
the hour-hand, being in motion, can never be ever-* 
taken by the minute-hand at that point from which 
they fiarted at their laft conjunétion. The firtt 
column of the preceding Table dhews the number 
of conjunctions which the hour and minute-hand 
make while the hour-hand goes. once round the 
dial-plate ; and the other columns fhew the times 
when the two hands meet at each conjunction. 
Thus, fuppofe the two hands to be in conjunction 
at XII, as they always are; then at the firft fol- 
lowing conjunétion it is 5 minutes 27 feconds 16 
thirds 21 fourths 49-+7 fifths paft I, where they 
meet: at the fecond conjunétion it is 10 minutes 
54 féconds 32 thirds 49 fourths 38,2, fifths patt IT; 


and foon, This, though an eafy illuftration of 


the motions of the San and Moon, is not precife 
as to the times of their conjunctions; becaufe, 
while the San goes round the EKeliptic, the Moon 
makes 124 conjunctions with him; but the minute- 
hand of a watch or clock makes only 11 conjunc- 
tions with the heur-hand in one period round the 

. diad- 


ti 
jefs hour, by eleven hours: and that of pppofition, by dividing 
the product of 19, and the next lefs hoy and its half, by 11. 
Thus to find the time between the hours of four and five, 
when the hour and minute hands are in conjuncion. Then 
ae v4 hours 21 4934. La 

And the time of oppofition of the hour and minuie hands, 
between thefe hours, will be equal. to a2 42 — 54 +oe3 

The time when the hour and minute hands contain any 
givea angle, may alfo be eafily found.—-Ed, -- 
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dial-piate. ‘Bat if, inftead of the common wheel-_. 


work at the back of the dial-plate, the Axis of thé’ - | 


minute-hand had a pinion of 6 leaves turning a: 
wheel of 74,.and this laft turning the hour-hand, 
in every revolution it makes round the dial-plate, 
the minute-hand would make 122 conjunctions _ 
'' with it; and fo would be a pretty device for fhew- | 
ing the motions of the Sun and Moon; efpecially, 
as the floweft moving hand might have’ a little 
Sun fixed on its point, and the quickeft a little 
Moon. eae Lee ae 
TheMoon’s 265. Ifthe Earth had no annual motion, the 
‘throsgh Moon’s motion round the Earth; and her track in 
bpentpace Open f{pace, would be always the fame*. But 
Wefcribed. os the Earth and Moon move round the Sun, the 
Moon’s real path in the Heavens is very different 
from her vifible path round the Earth: the latter 
being in a progreffire Circle, and the former in 
a curve of different degrees of concavity, which 
would always be the fame in the fame parts of: 
the Heavens, if the Moon performed a complete 
number of Lunations in a year without any 
fraction, | le saa 


Anideaof 206. Let a nail in the end of the axle of a 
pakeaag Chariot-wheel reprefent the Earth, and a pin in: 
the Moon's. the nave, the Moon; if the body of the chariot - 
be propped up fo as to keep that wheel from 
touching the ground, and the wheel be then 
turned round by hand, the pin will defcribe a 

Circle both round the nail, and in the fpace it 
_ moves through. But if the props be taken away, _ 
the horfes.put'to, and the chariot driven over a 

piece of ground which is circularly convex; the 

nail in the axle will’defcribe a circular curve, and 

the pin in the nave will {till defcribe a circle round © 
__ ™ In this’ place, we may confider the Orbits of all the 
Satellites as circular, with refpeét to their primary Planets ; 

becaufe the eccentricities of their Orbits ‘ate too fmall to effed | 
the Phenomena here delcripells : «a Manea ct iaemriny = soek Men ea 


the 
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the Saphet nail in the axle, but not in the fpace PLATE 


through which it moves. In this cafe the curve 
deferibed by the nail will refemble in miniature as 
much of the Earth’s annual path round the Syn, 
as it defcribes while the Moon gees as often nie | 
the Earth as the pin does round. the nail: sand 


_the curve defcribed by the nail will have fome . 


refemblance of the Moon’s nih during fo many 
Lunations, 


Let us now iippere that the radius of the cir- 


cular curve deferibed by the nail in the axle is to 
the radius of the circle which the pin in the nave 
defcribes round the axle as 33723’ to 13 which is 
the proportion of the radius or femi-diameter of 
the Earth’s Orbit to that of the Moon’s; or of the 
circular curve 4d 1 2.34567 B, &c. to the little 
circle a@; and then, while the progreffive. nail 
deferibes the faid curve from 4 to FE, the pin will 
go once round the nail with regard to the center 
of its path, and in fo doing, will ‘deferibe the curve 
abcde. The former will be a true reprefentation 
of the Earth’s path for one Lunation, and the 
latter of the Moon’s for that time. Here we may 
fet afide the inequalities of the Moon’s motion, 
and alfo the Earth’s moving round its common 
center of gravity and the Moon’s; all which, if 
they were truly copied in this experiment, would 
not fenfibly alter the figure of the paths defcribed 
by the nail and pin, even though they fhouid rub 
againft a plain upright furface all the way, and 
Teave their tracts vifible upon it. And if the 
chariot was driven forward en fuch a convex piece 
of ground, fo as to turn the wheel feveral times 
round, the track of the pin ia the nave Owe ftill 
be concave towards the center of the circular curve 
_ ‘defcribed by the pin in the axle: as the Moon’s 
path is always concave to the Sun in the center of 
the Earth’s annual Or bit. 


BRA a In 


Vil. 


Fig, If, 
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ie fa Inthis Diagram, the thickeft curve-line ABCDE, 
"with the numeral figures fet to it, reprefents as 
Fig. much of the Earth’s annual Orbit as it deferibes 
in 32 days from weft to eaft; the little circles at: 
Ho a, b, c, d, e, thew the Moon’s Orbit in due propor- 
tion to the Earth’s; and the fmalleft curve'a bedef 
reprefents the line of the Moon’s path in the Hea- 
vens for 32 days, accounted from any particular 
New Moon at a. The Machine, Fig. sth; is for 
delineating the Moon’spath, and fhall be defcribed, 
with the reft of my aftronomical machinery, in 
the Jaft Chapter, The Sun is fuppofed to be in 
Proportion LUE Center of the curve 4123 4567B, &c. and 
Proportion . : ; ‘i 
ofthe the fmall dotted circles upon it reprefent the 
rieon's Or- Moon’s Orbit, of which the radius is in the fame- 
“Earth’s, proportion to the Earth’s path in this fcheme, that 
| the radius of the Mooun’s Orbit in the Heavens 
bears to the radius of the Earth’s. annual path 
round the Sun: that is, as 240,000, to 81,000,000* | 
or as 1 to 3374, patie flee 
When the Earth is at 4, the New Moon isata ; 
and in the feyen days that the Earth defcribes the 
_ curve 12 3.4567, the Moen in accompanying 
the Earth defcribes the curve @ b; and is in her 
firft quarter at b when the Earth is at B. © As the 
Earth deferibes the curve B 8 9-10 11 12 13 14, 
the Moon defcribes the curve 6c; and is at or 
oppoflite to the Sun, when the Earth is atC. While 
the Earth defcribes the curve C 15 16 17 18 19 20 
21 22, the Moon defcribes the curve ed; and is 
invher third Quarter at d@ when the Earth is at Dd. 
And lattly, while the Earth deftribes the curve 
1) 23.2425 2627 28 29, the Moon defcribes the 
_ curve de; and Is again in conjunction at e withthe 
Sun when the Earth is at £, between the 2yth and» 
goth day of the Moon’s age, accounted by the 
numeral Figures from the New Moon at 4. In 


* For the true diflances, fee p. 113. 
dofcribing 


4 
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defcribing the curvea dc de, the Moon goesround PLATE 

oa f ut, ‘ Il. 
the progreflive Earth as really as jf fhe had kept vig.4r, 
in the dotted Circle A; and the Earth continted 
inmoveable in the center of that Circle. 


And thus we fee that, although the Moon goes TheMoon® 
round the-barth in a Circle, with refpeét to the Tere 3 
Earth’s center, her real path in the Heaven is not cavetowards 
very different in appearance from the Earth’s path. "°°" 
‘To thew that the Moon’s path is concave to the 
Sun, even at the time of Change, it is éarried on 
a little farther into a fecond Lunation, as to f. 


267. The Moon's abfolute: motion from her How her 
Change to her firft Quarter, or from a to 6, is fo iW imetons 


much, flower than the Earth’s, that, fhe falls 240 retarded 
thonfand miles (equal to the femi-diameter of her eoectca, 
Orbit) behind the Earth at her fi: Quarter in 8, 
when the Earth is at B; that is,.fhe falls back a 
{pace equal to her diftance from the Earth. From 
that time her motion is gradually accelerated to 
her Oppofition or Full at c, and then fhe is come 
up as far as the Earth, having regained what fhe 
loft in her firft Quarter from ato 6. From the 
Full to the laft Quarter at d ber motion continues 
accelerated, fo as to be juft as far before the Earth 
at d, as fhe was béhind it at her firft Quarter in - 
6, But from d to e her motion is retarded fo, 
that fhe lofes as much with ref{pect to the Earth as 
is equal to her diftance from it, or to the femi- 
_ diameter of her Orbit; and by that means fhe 
comes to e,and is then in conjunction with the Sun 
as feen from the Earthat E: Hence we find, that 
the Moon’s abfolute Motion is flower than the 
Larth’s from her tiird quarter to her firft; and 
{wifter than the Earth’s form her firfi Quarter to 
her third; her path being léfs. curved than the 
Earth’s in the former cafe, and more in the latter. 
Yet it is ftill bent the fame way towards the Sun ; 
for if we imagine the concavity of the Earth’s Or- 
bit to be meafured by the length of a perpendicular _ 
. ke lune 
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liné Cg, let down from the Earth’s place upon the 
firaight line gd at the Fall of the Moon, and 
conneating the places of the Earth at the end of 
the Moon’s firft and third Quarters, that length 
will be about 640 thoufand miles; and the Moon 
when New only approaching nearer to the Sun by 
240 thoufand miles than the Earth is, the length 
of the perpendicular let down from her place at 
that time upon the fame ftraight line, and which 
fhews the concavity of that part of her path, will 
be about 400 thoutand miles. | 


A dificulty 268. The Moon’s path being concave to the 

Femoveds Sun throughout, demonftrates’ that her gravity 

| towards the Sun at her conjunétion, exceeds her. 
gravity towards the Earth. And if we confider 
that the quantity of matter in the Sun is almoft 
230 thouland times as great as the quantity of 
matter in the Earth, and that the attraction of each 
body diminifhes as the fquare of the diftance from 
it increafes, we fhall foon find, that the point of 
equal attraction between the Earth and the Sun, 
is about 70 thoufand miles nearer the Earth than 
the Moon is at her Change. It may then appear . 
furprifing that the Moon does not abandon the 
Earth when fhe is between it and the Sun, becaufe 
the is confiderably more attracted by the Sun than 
by the Earth at that time. But this difficulty 
vanifhes when we confider, that a common impulfe 
on any fyfiem of bodies affects not their relative _ 
motions ; but that they will continue to attra¢t, 
impel, or circulate round one another in the fame 
manner. as if there was no fuch impulfe. The 
Moon is fo near the Earth, and-both of them fo 
far from the Sun, that the attractive power of the 

_ Sun may be ‘confidered as equal on both: , and 
therefore the Moon will continue to circulate round 
the Earth in the fame manner as ifthe Sun did 

not attraé them at all. For bodies in the cabin 
ef a {hip, may move round, or impel one another 

by : ty 


= 


abandon the Earth at the Time of her Change. 2.03 


in the fame manner when the {hip is under fail, or 
‘as when it is at reft; becaufe they areallequally ~*~" 
affected by the common motion of the fhip. 

If by any.other caufe, fuch as the near approach 

of a Comet, the Moon’s diftance from the Earth 
fhould happen to be fo much increafed, that the 
difference of their gravitating forces towards the 

Sun fhould exceed that of the Moon towards the 
Earth ; in that cafe the Moon when in conjunc- 

tion, would abandon the Earth, and be either 
dye into the Sun, or Comet, or crculate round 
about it. 


264. The curves which J upiter’s Satellites de-— 
feribe, are all of different forts from the path de- 
feribed by our Moon, although thefe Satellites go 
round Jupiter as the Moon goes round the Earth, ’ 

Let ABCDE, &c. be as much of Jupiter’s Orbit Fig. 11, 
as he defcribes in 18 days from A to T; and the 
curves a, b, c, d, will be the paths of his four Moons 

| going round him in his progreflive motion. 


Now let us fuppofe all thefe Moonsto fet out from The abfo- 
: ‘ ; ; lute Path of 
a conjunction with the Sun, as feen from Jupiter Jupiter and 
at 4 ; then, his firft or neareft{ Moon will be at a, bis Satet- 
his fecond at b, his third atc, and his fourth at d, a sisi 
At the end Ne 24 terrefirial Hours after this con- — 
_ junction, Jupiter has moved to B, his firft Moon’ 
or Satellite has defcribed the curve.a r, his fecond 
the curve 0 1, his third c 1, and his: fourth d 1. 
The next day, when Jupiter is at C, his firft Satel- 
lite has defcribed the curve a 2, from its conjunc- - 
tion, his fecond the curve 0 2, his third the curve 
C2, Ba his fourth the curve d2, and fo on. ‘The 
numeral Figures under the capital letters fhew 
- Jupiter’s place in his path every day for 18 days, 
accounted from 4 to 7’; and the like Figures fet 
to the paths of his Satellites, thew where they are 
at the like times, The firft Satellite, almott under 


C, 1 ig 


Fig. I, 
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C, is flationary at +, as feen from the Sun; and 


retrograde from + to 2: at 2 it appears ftationary 
again, and thence it moves forward until it has 


pafled 3, and is twice ftetionary and once retro- 


grade between 9 and 4. ‘The path of this Satel- 
lite interfects itfelf every 42 4 hours, making fuch 


oops asin the Diagram at 2. 3. 5. 7. Ge LO. 123 


14. 16. 18, a httle after every conjunction. The 
fecond Satellite 6, moving flower, barely croffes its 
path every 3 days 13 hours; asat 4. 7-1¥sTA,. 105 
making only 5 Loops and.as many conjunctions 
m the time that the firft makes ten. The third 
Satellite c moving ftill flower, and having defcribed 
the curve c 1. 2.3..4. 5. 6.7, comes to an angle’ 
af 7, in conjunction with the Sun, at the end of 7 
days four hours; and fo goes on to deferibe fuch 


another ‘curve -7.-8..9. 10, T1. 12. 13. 14, and is 


at 14 in its next conjunction. The fourth Satel- 
lite d is always progreflive, making neither Loops 


nor Angles in the Heavens; but comes to its next 


Fig. Iv. 


How to de- 
dineate the 
paths of 
Jupiter's 
SVLoonis : 


conjunction at e between the numeral figures 16 
and 17, or in 16 days.18 hours. In order to have 
a tolerable good figure of the paths of thefe Satel- 
lites, I took the following method, 

Having drawn their Orbits on a Card, in pro= 
portion to their relative difiances from Jupiter, I 
meafured the radius of the Orbit_ of the fourth 
Satellite, which was an inch and ate parts of an 
inch ; then multiplied this by 424 for the radius 
of Jupiter's Orbit, becanfe Jupiter is A424 times as 


far from the Sun’s center as his fourth Satellite is 


from his center; and the product thence arifing 
was 453 4% inches. Then taking a fmall cord of 
this length, and fixing one end of it to the floor. 
of a long room ‘by a nail, with a black-lead pencil 
at the other end [ drew the curve ABCD, &c. and 
fet off a degree and a half thereon, from J to is 
beeaufe Jupiter moves only fo much, while his 


ib . | outermof 
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ontermoft Satellite goes once round him, and,, PLATE 
fomewhat more; fo that this fmall portion. of fo! 
large a circle differs but very little from a firaight 

fine. his done I divided the fpace 4 T into 18 
equal parts, as 4 B, B C, &c. for the daily pro- 
_grefs of Jupiter; and each part into 24, for his 
hourly progrefs. The Orbit of each Satellite was 

alfo divided into as many equal parts as the Satel- 
dite is hours in. finithing its {ynodical period round 
Jupiter. - Fhen drawing a right line through the 
center of the Card, as a diameter to’ all the fons 
Orbits upon it, I put the Card upon the line of 
Jupiter’s motion, and transferred it to every horary 

_ divifion thereon, keeping always the fame diametet- 

line on the line of Jupiter’s path; and running a 

pin through each horary divifion in the Orbit of 

each Satellite as the Card was gradually transferred - 
along the line 4 BCD, &c. of Jupiter’s motion, I 
marked points for every hour through the Card 

for the curves defcribed by the Satellites, as the 
primary Planet in the center of the ‘Card was 
carried forward on the line; and fo finithed the 
Figure, by drawing the !ines of each Satellite’s 
motion through thofe (almoft innumerable) points: 

by which means, this is, perhaps, as true a Figure 

of the paths of thefe Satellites as can be defired. 

And in the fame manner might thofe of Saturn’s and ss 
‘Satellites be ‘delineated. | Cogn 


270. It appears by the fcheme, that the three The erana 

-tirft Satellites come almoft into the fame line of Seb 

pofition every feventh day; the firtt being only a Moons. 

little behind with the fecond, and the fecond be- 

hind with the third. ° But the period of the fourth 

Satellite is fo incommenfurate to the periods of 

the other three, that it cannot be guefied at by the 

diagram when it would fall again into a line 

of conjunction with them between Jupiter and 

the Sun. And no wonder; for fuppofing them all. - 
«Se | to 
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PLATE tv have been once in conjunction, it will Tequire | 


3,087,043; 493,260 years to bring them In, con- 
junétion again. See§ 73. 


Fig. IV. 271. In Fig. 4th, we have the proportions of 
The pro- the Orbits of Saturn’ s five Satellites, and of Ju- 


; f 
Be Obie piter’s four, to one another, to our. Moon’s Orbit, 
BE the and to the Dife of the Sun. Sis the Sun; A/ m 


Planets and 


Satellites. the Moon’s Orbit (the Earth fuppofed to be at E); 


F Jupiter; 1. 2. 3. 4, the Orbits of his four 
Moons.or Satellites ; Sat. Saturn; and 1. 2.3.4. 55 


the Orbits of his five Moons. Hence it appears, 
that the Sun would much more than fill the whole 


Orbit of the Moon; for the Sun’s diameter is 
763,000 miles, and ‘the’ diameter of the Moon’s 
Orbit only 480, ooo. In proportion to all thefe 
Orbits of the Satellites, the radius of Saturn’s 
annual Orbit would be 21 3 yards, of Jupiter's 
Orbit’114, and of the Ear th’ s 24; taking them in 
round nltmbers: 


274, The attheted Tasie fhews at once what 
proportion the Orbits, Revolutions, and Veloci- 
ties of all the Satellites bear to thofe of their 
primary Planets, and what fort of curves the feveral 
Satellites defcribe. For thofe Satellites, whofe 

velocities round their Primaries are greater than 
the velocities of their Primaries in open fpace, 
make Loops at their conjunctions, § 269 ; appear- 
ing retrograde as feen from the Sun while they 
detcribe the inferior Parts of their Orbits ; and 
direct while they defcrtbe the fuperior. This is 
the cafe with Jupiter’s firft and fecond Satellites, 
and with Sattrn’s firft, . But thofe Satellites, 


_ whofe velocities are lefs than the velocities of their 


primary Planets, move direét in their whole cir- 
cumvolutions; which is the cafe of the third and 
fourth Satellites of Jupiter, and of the fecond, 


third, fourth, and fifth Satellites of Saturn,.as . 


well ‘as of our Satellite the Moon: : But the Moon 
is 


‘ 
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is the only Satellite whofe motion is always con- 
cave to theSun. ‘There is a Table of this fort in 
De la Caille’s Aftronomy ; ‘but it is very different 
from the following, which I have computed from 
our Engli/h accounts of the periods and diftances 
of thefe Planets and Satellites. 


By 


THE'TABLE 


Shewing what Proportion the Orsits, Revotutions, and 
Wacaciee: of all the eee ses hear to thofe of their 
Primary Plan ets. 


Proportion 


¥ ; 

ra Proportion of the Time Proportion 

tm .| of the Radius of the of the of the 

& |  Planet’s Orbit |Planet’s Revolution Velocityof each Satellite 
ca to the to the to the 

=: |Radius of the Orbit Revolution Velocity of its 

& | of each Satellite. | of each Satellite. | Primary Planet. 


ii 


1] As°5322 to 1 | As 5738 to 1 | As 5738 to 5329 


2, 2. 4155 1 3912 Ef Bore ATES 
S 3] 2954 3 2347 1| . 2347 2954 
54 1295 674. 1 674 1295 
5 432 1 ASA 134 43? 
eee —|—_——_} i il 
o 1| As 1851 to 1 |-As 2445 to 1.] As 2445 to 1851 
9 1165 ° 1 1219 i 1219 1165 - 
28 rete: Sc Ngee hay Ley nine 
5 4. 424 1 258 1 258 424 


The! As 997% to 1|As 12% to 1|As 123 to 3374 
\ Moon 4 i 


iohcy ols 2 OY 90 
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CH A‘P. XVI. 


The Phenomena of the Harv s{t- Moon explained by a 


common Globe. The Yearsin which the Harvef- 
Moons are leat and moft beneficial, from 1751 to 


1861. The long Duration of Moon-light at the: 


/ 


Poles in winter. 


NoHarves- 273. ¥ Tis generally believed that the Moon rifes- 


Moon atthe 
Equator. about 50.minutes later every day than on 


the preceding; but this is true only with regard to 
P § y S 
places on the Eyuator. In places of confiderable 


Latitude there is aremarkable difference, efpeciall ge 


in the harveft time, with which farmers were better 

» acquainted than Aftronomers, till of late; and 
gratefully afcribed the early rifing of the Full Moon 
‘at that time of the year-to the goodnefs of God, 
not doubting that he had ordered it fo on purpofe 
to give them an immediate fupply of Moon-light 
after Sun-fet, for their greater conveniency in reap- 
ing the fruits of the Earth, : . 


In ts inftance of the Harveft-Moon, asin many | 


others difcoverable by Aftronomy, the wifdom and 


beneficence of the Deity is con{picuous, who really 


ordered the courfe of the Moon fo, as.to beftow 
more or leis light on all parts of the Earth: as their 
feveral circumfances and feafons render it more 
or lefs ferviceable. About the Equator, where 
there is no. variety of feafons, and the weather 
changes feldom, and at ftated times, Moon-light 
is not necefflary for gathering in the produce of 
the ground ; and there the Moon rifes about 56 
minutes later every day or night than on the for- 
mer. Jn confiderable diftances from the Equator, 


where the weather and feafons are more uncertain, 


the autumnal Full Moon rifes very foon after fun- 


letra 


a” 


wv 
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fet for fever al evenings together... At the polar But re» 
circles, where the mi ld feafon is of. vel ry, {hort du: eis 
ration, the autumnal Full Moon rifles. at fun-fet.to the 
from the firfi to the third quarter., And at the ee ii 
Poles, where, the Sun is for half a.year abfent, the from it, 
winter Full Moons thine conftantly without leiting 
from the firft.to the third quarter...” , | 

It is foon faid. that, all thefe Phenomena aré ow- The reafor 
ing to the different Angles made, by-the Harizon % 
and different parts of the Moon’s, Orbit; and fat ss, 
the Moon, can be full but onceyor twice in a year 
in. thofe parts of her Orbit which, rife with the le ealt 
Angles... But to explain this fubject. intelligibl ly, 


we mutt dwell much longer upon it. 


274. The ™ plane of the Equinoétial is: perpen- 
dicular to the Earth’s Axis ; and therefore, jas: the 
Earth turns round its Axis; all parts of the Kqui- 
 nottial make equal angles withithe Horizon both 
vat rifing and fetting j fo 'that-equal portions of ‘it 
always nileot fetiin eqizal times. n erwa ep ee if 
‘the Moon’s motion were equable; and in the Equi- 
- noétial, at the rate of 12: degrees 11 min. from the 
‘Sun every day, as it-isin her Orbit, the would 
rife and fet 50 minutes later every day than on the’ 
preceding; for'12 deg. 117 min. of ‘the E quinoctial, 
rife or fet in 50 minutes of'timedin all Latitudes. 


lappa? ie But the Moon’s motion is fo nearly in the 
‘Ecliptic, that we may confider her at prefent® as 
moving in it.» Now ‘the’ different Parts “of the 
‘Feliptic, oh account of its dbliquity to the Earih’s 
“Axis; make very different. aneles with the Aori- 
“zonas they rife or fet. Thofe | parts or figas whieh 
rife with the fmalleft angles fet with the ereatct, 
and vice verfd. In. equal times, whenever! this 
 Angletis leaft, a. greater’ portion of thé Ecliptic | 
—erifes.than when the Angle is larger; 'as:‘may be 
Teen by elevating the pole of a Globe to any con- 
ble 4 Globé be cut gnite through upon any Circle, ‘the 
flat farface where it is fo divided is the plane of thie Cirele.t 


OTQUEE ou >. Pi ROUry art fiderable 
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fiderable Latitude, and then turning it rownd its 


_ Axis. Confequently, when the Moon is in thofe 


Fig. IT. 


Signs which rife or fet with the fmalleft Angles, 
fhe rifes or fets with the leaft difference of time ; 
and with the greateft difference in thofe Signs 
which rife or fet with the greateft Angles. , 
But, becaufe all who read this Treatife may not 
be provided with Globes, though in this cafe it is 
requifite to know how to ufe them, we fhall fub- 
ftitute the Figure of a globe; in which FU P is 


the Axis, w 7'R the Tropic of Cancer, Lt 


the ‘Tropic of Capricorn, «= EU vy the Ecliptic 
touching both the Tropics, which are 47 degrees 
from each other, and 4 B the Horizon. The 
Equator being in the middle between the Tropics, 


is cut by the Ecliptic in two oppofite points, 


which are the beginnings of y Aries and = Libra, - 


The differ- 
ent Angles 


parade by the 
Eclipticand 


Hewizon. 


K is the Hour-circle with its Index, F the North 

Pole of the Globe elevated to a confiderable Lati- _ 
tude, {uppofe 40 degrees above the Horizon ; and 
P the South Pole depreffed as much below it. 


-Becaufe of the oblique pofition of the Sphere in 


this Latitude, the Ecliptic has the high elevation ‘ 
N sw above the Herizon, making the Angle 
NU ss of 73% degrees with it when 3 Cancer is 
on the Meridian; at which time & Libra rifes in 
the Eaft. But let the Globe be turned half round - 
its Axis, till yp Capricorn comes to the Meridian - 
and x Aries rifesin the Eafi, and then the Eclip- 


~ tic will have the low elevation N J. above the 


Leaft and 
. greateft, 
“when. 


Horizon, making only an Angle NUL of 262 
degrees with it; which is 47 degrees lefs than the 
former Angle, equal to the diftance between the 
Tropics, a, | 
276. In northern Latitudes, the fmalleft Angle 
made by the. Ecliptic and Horizon is when Aries 
rifes, at which time Libra fets; the greateft when 
Libra rifes, at which time Aries fets. From the 
nfing of Aries to the rifing of Libra (which is 
: | twelve 


- 


Of the Harvefi- Moon, : : es 


twelve * Sydereal hours) the angle increafes; and 
from the rifing of Libra to the rifing of Aries, it 
decreafes in the fame proportion. By this article 
and the preceding, it appears that the Ecliptic rifes 
fafteft about Aries, and floweft about Libra. 


277. On the parallel of London, as much of _ Refattof 
the Ecliptic rifes about - pay 
Pifces and Aries in two | 


, | Rifing | Setting | Angle at 
hours as the Moon goes MG} Dif, | Ditk jj London. 


“seg 


c 

through in fix days: and a8 ae ae 
_thereforewhile the Moon |_| fol c. Renel ee | 
is in» thefe Signs, fhe ul cape 2a! pay sh. 10 
differs but two hours in |} 2 26/1 10) 0 43 | 
rifing for fix days toge- Lue MuSbuNOA wae” 
ther; that is, about 20 s m 6L a rs 2 oe 
minutes later every day 6 19].1 15) 0 24. 
or night than on the pre- CAG: Sa Ree eee To 
ceding, at a mean rate. ‘ 1, wali 2c) . | 
But in fourteen days 10 |m 121 1 15/0 207 
afterward, the Moon 11 Dd eB MAL Oi BOw 
comes to Virgo and Li- {| 12; 8 1 13) 0 39° 
bra, which are the op- ca ‘a ¥ : i ebene- 
polite Signs to Pifces and 15 PA OvsdSbarel oS 
Aries; and then fhe Oe ep EL AO Po 8 «| 
differs almoft four times 47 he db wel ea ee 9 

ORS . FOU ioe | TER CoG s 
as much in rifing ; name- fide adios PAS WHS 4 
‘ly, one hour and about |} 20j 23] 0 20/1 37 | 
fifteen minutes later jj 21 | Z)-O- RG AB | 
every day or night than || °° eaheveteine bees 
the former, while fhe || ,4 sen’ eh agin | 
is in thefe Signs. The |}! 25 291 0 30) 14 
annexed Table fhews || 26\u 13 Lp : 13 

. wea a) Oo 5 

the daily mean differ- oe i 0) 3 ghosiin sé 


ence of the Moon’s. 


* The Ecliptic, together with the fixed Stars, make 3665 
apparent diurnal revolutions about the Earth in a year;. the 
®un only 355%. Therefore the Stars gain 3 minutes 46 feconds 
upon the Sun-every Day; fo that a Sydereal day contains only 
23 hours 56 minutes of mean. Solar time; anda natural or 
Solar day 24 hours. Hence 12 Sydereal hours are one minute 


58 feconds fhorter than ye Solar hours. | 
P 2. | _ Tiling 


Fie. 10, 


__*=“hour may perhaps be more eafily remembered than 
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rifiig aind fetting’ on the: patallel of London, for 


28 days; in which time the Moon ‘finifhes her 
period round the Ecliptic, and gets 9 deerees into 
the fame Sign from the beginning of which’ the 
fet out. So it appears by the Table, that when’ 
the Moon is in'm° and & fhe rifes an hour.and a _ 
--quarter later every day,than the rote on the formers 


and differs’only 28, 24, 20, 18!0r 17 bin tesvin. 
fetting. But, when fhe comes tox andi, the: 
is only 20 or 17. minutes later in rifing; ‘and oan 
hour and a quarter later im fetting. ) | 


‘248, All thefe things will be made plain by | 
_ putting fmall patches on the Ecliptic of a Globe, 


as far from ove another as the Moon moves from 
any point of the celeftial Ecliptic:m 24 hours 
which‘at a mean rate is nearly * 134 degrees; and 


then in turning the Globe round, obferve the rifing — 
and fetting of the patches in the Horizon, as the — 
Index ‘points out the different, times in the hour- ~ 
circle, A few of thefe patches are reprefented by — 


dots at 0.1.2.3, &e..on the Ecliptic, which has the 


-pofition 4 UJ when Aries rifes in the Eaft ; and by 


the dots o 1 23, &c. when Libra rifes in the Fatt, 


at which time the Ecliptic has the pofition LU yp : 
making an angle of 62 degrees with the Horizon | 
in the later cafe; and an angle of no more than 15 © 


degrees with it in the former; fuppofing the Globe 
rectified to the Latitude of London. rie 


279. Having rectified the Globe, turn it until 


the patch at 0, about the beginning of 3 Pifces in 


the half Z U J of the Ecliptié, comes to the Eaftern | 


fide of the Horizon; and then, keeping the ball” 


fieady, fet the *hour-index to XIL, becaufe that~ 


any other: Then turn the Globe round Weft-— 


@ 


“' *' Phe Sun advances almoft a degree in the’ Ecliptic in re 


nous, the fame way that the Moon moves; and, therefore, the 
Moon by advancing 13% degrees in that time, goes little more 


* 


A Pan ¢ Adis k 


*hefore.* 


t eicet - 
as oF 4 ae ta a a 
‘ 
» nae 5 


Be i - . “& % 


~ 


than 12’ degvees farther from the Sun than the was on the’ day _ 


‘ward, 
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ward, and in that time, fuppofe the patch o to 
have moved thence to 1, 13% degrees, while the 
Earth turns once round its Axis, and you will fee 
that 1 rifes only aout 20 minutes later than o did 


on the day before!’ Turn the Globe round again, | 


and in that time fuppofe the fame patch to have 
“moved from 1 to 2; and it will rife only 20 minutes 
later by the hour-index than it did at 1 on the 
day or turn before. At the end of the next turn, 
- fuppofe the patch to have gone from 2 to 3 at U, 
and it will rife 20 ‘minutes later than it did‘at 2, 
And fo on for fix turns, in. which time there will 
fearce be two hours difference; nor would: there 
haye been fo much, if the 6 degrees of the Sun’s 
motion in that time had been allowed for. At 


the firft turn the patch ‘rifes South of the Eaft, - 


at, the Middle turn due Eaft, and ‘at the laft turn 
North of the Eaft. But’ thefe patches will be g 
hours in fetting on the Weftern fide of tle Hori- 
zon, which fhews that the Moon’s fetting will be 
fo much retarded in that week in which fhe moves 
through thefe two Signs: The caufe of this dif- 
ference is evident ; for Pifces and Aries make only 
an Ancle of 15 -legrees with the Horizon when 
they rife; but they make an Angle of 62 degrees 
with it when they fet. As the Signs Taurus, Ge- 
mini, Cancer, ‘Leo, Virgo, and Libra, rife fuc- 
ceffively, the Angle increafes gradually which they 
make with the Horizon, and decreaifes in the fame 
proportion as they fet. And for that reafon, the 
Moon differs: gradually more im the time of her 
rifing every day while fhe is in thefe Signs, and 
lefs in her fetting’: after which, through the other 
fix Signs, viz. Scorpio, Sagittary, Capricorn, 


_ Aquaritis, Pifces, and Aries, the rifing difference . 


becomes lefs every day, until it be at the leaft of 

all,namely, in Pifces and Aries, | 
280, The Moon goes round the Ecliptic in 27 
days 8 hours: but not from Change to Change in| 
leis than 29 days 12 hours: fo that fhe is in Pitces 
= “ P4 sa 4 ‘ vi é and 


= 


‘N 
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and Aries at leaft once in every Lunation, and in 

fome Lunations twice. . | 
 whythe 281. If the Earth had no annual motion, the 
aecs Bil aE: would never appear to fhift his place in the 
inditferent Ecliptic. -And then every New Moon would fall 
us. jis the fame fign and degree of the Ecliptic, and 
every Full Moon in the oppofite: for the Moon | 
would go precifely round the Ecliptic from Change: 
to'‘Change. So that. if the Moon were once Full 
in Pifces or Aries, fhe would always be full when 
fhe came-round to the fame Sign. and Degree 
again: And as the Full Moon rifes at Sun-fet 
(becaufe when any point of the Ecliptic fets, the 
oppofite point rifes) {fhe would conftantly rife within 
two hours of Sun-fet, on the parallel of London, 
during the week in which fhe were Full. But in 
the time that the Mvon goes round the Ecliptic | 
' . from any conjunction or oppofition, the Earth goes — 
‘almoft a Sien forward: and therefore the Sun will — 
feem to go as far forward in that time, namely, 
274 degrees; fo that the Moon mutt go 27% de- 
erees more than round, and as much farther as the 
Sun advances in that. interval, which is 2+, de- 
grees, before fhe can be in conjunction with, or 
oppofite to the Sun again, Hence it is evident, 
that there can be but one conjunction or oppofition 
of the Sen and Moon in a year in any particular 
part of the Ecliptic. This may be familiarly ex-_ 
Her perio emplified by the hour and minute-hands of a 
dical and, watch, whichare never in conjunction or oppofition 

fynodical : . 

Revolution 1D that part of the dial-plate where they were fo 
‘Pheoy Jaft before. And, indeed, if we compare the twelve 
hours on the dial-plate, to the twelve figns of the 
Ecliptic, the hour-hand to the Sun, and the 
minute-hand to the Moon, we {hall have a tolera-- 
bly near refemblance in miniature to the motions © 
of our great celefiial Luminaries, ‘The only dif 
ference is, that while the Sun goes once round the 
Ecliptic, the Moon makes 122 conjunctions with 
him: but while the hour-hand gocs round the 

44 : dial-plate, 
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dial-plate, the minute-hand makes only 11 con- 
junétions with it; becaufe the minute hand moves: 
flower in refpect to the hour-hand than the Moon 
does with regard to the Sun. 


282. As the Moon can never be full but when The Har- 
fhe is oppofite to the Sun, and the Sun is never ¥*24 
in Virgo and Libra.but in our autumnal months, Moon, 
it is plain that the Moon is never {ull in the oppo- 
fite figns, Pifces and Aries, but in thefe two 
months. And therefore we can have only two ° 
Full Moons in the year, which rife fo near the 
time of Sun-fet for a week together, as above-. 
mentioned. The former of thefe is called the 
Harveft-Moon, and the latter the Hunter's Moon. 


283. Here it will probably be afked, why we why the . 
never obferve this remarkable rifing of the Moon Moor 'ste- 
but in harveft, feeing fhe is in Pilces and Aries is never 
twelve times in the year befides; and muft then-Pereived 
rife with as little difference of time as in harvelt ? Harvet. 
The anfwer is plain: for in winter thefe figns rife 
at noon; and being then only a Quarter of a Circle 
diftant from the Sun, the Moon in them is in’ her 
firft Quarter: but when the Sun is above the 
Horizon, the Moon’s rifing is neither regarded » 
nor perceived. In {pring thefe Signs rife with the 
Sun, becaufe he is then in them; and as the Moon 
changeth in them at that time of the year, fhe is. 
quite invifible. In fummer they rife about mid- 
night, and the Sun being then three Signs, or a 
Quarter of a Circle before them, the Moon is in 
them about her third Quarter ; when rifing fo late 
and giving but very little light, her rifing pafles 
unobferved. And in autumn thefe Signs, being — 
oppofite to the Sun, rife when he fets, with the 
Moon in Oppofition, or at the Full, which makes 
her rifing very confpicuous, | 
284, At the Equator, the North and South 
Poles lie in the Horizon ; and therefore the Eclip- — 
tic makes the fame Angle fouthward with the Ho- 
Cg as cagres r1zZ0n 
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vizow when Aries rifes, as it does northward: when 
Libra*rifes." Confequently, ‘a a¥%the Moon’at all the 


_fore-meiitioned patches’ rifes and’ fets nearly at’ 


- 


equal Angles with the Horizon all the year ‘round, 
and about 56 minutes: later every day or night 
than on the preceding, there,can be no pantienlan | 
Harveft-Moon at the Equator. Ti at 


285. The farther that any ‘place is from the 
Equator, if it be not beyond the Polar Circle, the 
Angle gradually diminithes which the Ecliptic and’ 
Horizon make when Pifces and Aries rife: and 
therefore when the-Moon is in thefe Signs the rifes ’ 
with ahearly pr oportionable difference later every: 
day than on the former; and is for'that reafon the 
more remarkable about the Full, until we come to 
the Polar Circles, or 664 degrees from the Equa- 
tor; in which Latitude the Ecliptic and Horizon 


“become coincident every day ford moment, at the: 


fame fidereal hour (or.g» minutes 56. feconds: 


fooner-every day than the former), and the very, 
next moment one half of the Ecliptie containing 
Capricorn, Aquarius, Pifees, Aries, Taurus, and 
Gemini, rifes, and the oppofite half fets. Theres, 
inv while the Moon is going from the beginning: 
of ‘Capricorn-to the beginning of Cancer,ywhich; 

is almoft 14 days, the rifes at) the: fame fidereal 
hour; and i pantumn jnft at Sun-fet; becaufe all, 
the ‘half of the Beliptic, in.which the*Sun is a, 
thet time, fets at the fame fidereal hour, and the 
oppokite haif rifes; that. is, 9 nainutes. =6,feconds, ; 
of mean folar time, fooner every dayrthanion the. 
day. before. So while the Moon-is) going from 
Capri icorm to’ Cancer, dhe rifes earlier every. day 
than on the pi rine aes: , contrary to. what fhe does.’ 
atallp places between the Polar Circles, But dure 


ing the above fourteen days, the Moon is 24) 


fidereal pen later in fetting ; jfor the »fix pins 
which; rife all at once on its caftern fide of the 
Hori IZon are 24 hours in fetting cn.the weftern fide, 
of abs as any one may lee by making chi alk marks 
ato: 
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at the beginning of Capricorn and of Cancer, and 
then, having elevated the Pole 662 degrees, turn 
the Globe flowly round its Axis, and ebferve the 
rifing and fetting of the Escliptic.. As the begin- 
ning of Aties is equally diftant from the Beginning 
ef Cancer and of Capricorn, it» is im the middle» 
of that half of the Ecliptie which rifes all at once. — 
And when the Sun is at the beginning of Libra, 
he is in the middle of the other half. Therefore, 

- when the Sun is in Libra, aad:the Moon in Capri- 
corn, the Moon is a quarter of a Circle before the 
Sun; oppofite to him, and. confequently fulb in 
Aries, and a Quarter of a Circle behind him, when 
in Cancer. But when Libra rifes, Aries fets, and 
all that half of the Ecliptic of which Aries is the’: 
middle, and therefore, atthat time of the year, the — 
Moon rifes at Sun-fet from her: firlt to » her third 
Quarter, 


286. In northern Latitudes, the anturinal Full The Har. 
Moons are'in Pifces and Aries; and the vernal ve Moons 
Full Moons in Virgo and Libra: in fouthern La 7S ane 
titudes; jult ‘the reverfe, becaule the: feafons: arect the 
contrary, ‘But Virgo and Libra rite at as {mall Saati 
Angles with the Horizont in fouthern Latitudes, 
as Pifebk and Aries do inthe northern ; and there- 
fore the Harveft-Moons are jult as regular on one 


lide of the Equator as on the other, 


287. As thefe Signs, which re with the leaft 
Angles, fet with ‘the greateft, the vernal Full 
_ Moons differ as much 1 ‘their times of rifing every 
night; as the autamnal Full Moons differ iv their 
titites of fettine 3 and fet with as little. difference 
as the autumnal Full Moons rife: the one he 
in all cafes the reverfe of the other. — | 

288. Hitherto, for the fake of plainnefs, we © 
have fuppofed the Moon to move in the Ecliptic, © 
from which the Sun never deviates. But the 
Orbit in which the Moon really moves ts different. 
from the Ecliptic: one half being elevated 5+ de- 
grees above it, and. the other halfas much de, 


prefleg 
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preffed below it. The Moon’s Orbit therefore 
interfeéts the Ecliptic m two points diametrically 

oppofite to each other ; and thefe interfections are 
iin called the Moon's Nodes. So the Moon can never 
Nodes, be in the Ecliptic but when the 1s in either of her 


Nodes, which is. at leaft twice in every courfe from. 
Change to Change, and fometimes thrice. For, 
as the Moon zoes almoft a whole Sign more than 
round her Orbit from Change to Change; if dhe 
paffes by either Node about the time of Change, 
fhe will pafs by the other in about fourteen days 
after, and come round to the former Node two 
days again before the next Change. . That Node 


- from which the Moon begins to afcend northward, 
- er above the Ecliptic, m northern latitudes, is 


called the Afcending Node; and the other the De- 
feending Node, becaufe the Moon, when fhe pafles 
by it, defcends below the Ecliptie fouthward. 
289. The Moon’s oblique motion with regard 
to the Ecliptic caufes fome difference in the times 
of her rifing and fetting from what 1s already men- 
tioned. For when fhe is northward of the Eclip- 
tic, the rifes fooner and fets later than if fhe moved 
in the Ecliptic; and when fhe is fouthward of the 
Ecliptic, fhe rifes later and {ets fooner.. This dif- 
ference is variable, even in the fame Signs, becaufe 
the Nodes fhift backward about 19} degrees in - 
the Ecliptic every year; and fo go round it con- 
trary to the order of Signs in 18 years 225 days, 
290. When the afcending Node is in Aries, the 
fouthern half of the Moon’s Orbit makes an Angle 
of 54 degrees lefs with the Horizon than the 
Ecliptic does, when Aries rifes in northern Lati- 
tudes: for which reafon the Moen rifes with lefs 
difference of time while fhe is in Pifces and Aries, 
than fhe would do if fhe kept in the Ecliptie. 
But in g years and 112 days afterward, the De- 
fcending Node comes to Aries; and then the 
Moon’s Orbit makes an Angle 5+ degrees greater 
with the Horizon when Aries rifes, than the 
| Ecliptie 
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Ecliptic does at that time; which caufes the Moon 
to rife with greater difference-of time in Pifces and 
Aries than if fhe moved in the Ecliptic. 
291. To be alittle more particular, when the 
Afcending Node is in Aries, the Angle is only | 
gi degrees on the parallel of London when Aries | 
rifes. But when the Defcending Node comes to 
Aries, the Angle is 203 degrees; this occafions as 
great a difference of the Moon’s rifing in the fame — 
Signs every nine years, as there would be on two 
parallels 10% degrees from one another, if the 
Moon’s courfe were in the Ecliptic. ‘The follow- 
ing Taxes fhews how much the Obliquity of the 
Moon’s Orbit affects her rifing and fetting.on the 
parallel of London, from the 12th to the 18th day 
of her age; fuppofing her to be full at the au- 
‘tumnal Equinox: and then, either in the Afcend- - 
ing Node, higheft part of her Orbit, Defcending 
Node, or loweft part of her Orbit. JV fignifies 
- morning, 4 afternoon: and the line at the foot of 
the Table fthews a week’s difference in rifing and 
fetting. | 


} Fullin her {In the higheft} Fullinher | In the loweft 
Afcending paitof her | Defcending { part of her 
Node., Orbit. Node. re oe 


|Rifes at Sets at ‘Rifes at| Sets at |Rifes at [Sets at |Rifes at] Sets at 
H.M.|H.M.|H.M. H.M.)H. M.| H.M.]-H. M.}H.M. 
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This Table was not computed, but only efti- 
mated as near as could be done from a common 
Globe, 


OF: the ca are offe Moon, 


Globe,.on sohinty the Moon’ s Orbit, was delineated 
with a. black- lead pencil. If may. at, fir tt fight 
appear erroncouss fince as we have fuppofed the 
Moon to be fall in either Node at the autumnal 
Equinox, fhe ought by the Table’to rife juft at fix 


6 ‘clock, or at Suit. fet, on the 15th day of her age; 


being m the Fcliptic at that time. © But it muft be 
confidered, that the Moon is’ only ‘142 days old 


when flie is Full; and therefore i in both cafes fhe 


‘is'a little paft: ‘the Node on the 15th day, being 


The period 


of the Har- 
weft- Moon. 


above it at one’ time, ‘and below. it at the other. 


202, As: there 3 isa complete revolution of the 
Nodes in 18} years, there muft be a regular period 
of all t the varieties which can happen im the rifing 
and fetting of the Moon during that time. But 
this fhifting of the Nodes never afeats the Moon’ $ 
rifing to much,.. even 10. her quickeft defcending 
Latitude, as not to allow us flill the benefit of her 
rifing nearer the time, of Sun-fet for a few days 

tog ag about the Full in Harveft, than when fhe 
is Full at any ‘otber time of the year The follow- 
ing Fase fhews in what > years ‘the Harvett- ‘Moons 


~ are leaft beneficial as to the times of their rifing, 


wari, ext 


msctabeaah sce 
ED Se 


Nai NR pes 


pT fee 


and-in what years molt;frome1 751 to 1862. Phe 
column of years under the Letter Z are thofe in 
which the Harveft-Moons are eat of all beneficial, 
beeaufe they fall about the Defcending Node: and 

thofe: under’ Wf are the moft of all beneficial, 
becaufe they fal about the Afcending Node. In 

all the columps from N to S the Harve: Moons 


deleend gradually in the: Tamar Orbit, and rife to 


id S. heights abeye tl 1e Hori izon., Brom Sto N they 
end in the fame proportian, and rife to ereater 
ee above the Horizon. Th both the Catunng 


under .s', the Harveit-Moons are in the loweft. part. 


of the Noonts Orbit, that is, fartheft-South of the 
K-cliptic ; and therefore fiay fhorteft of all above. 


‘the Hotizon: ii” the columns under N, jaft the 


reverfe, And in both cafes, their rifings,: though 
not at the fame Hint. are near ly the fame with 
regatd 


WV 


Win MOFiehe Harvef- Moon. 


regard to difference of time, as'if the’ Moon's Orbit 


were coincident witly ot ee A 


kaysadt 
}. 1770 
.1788 
|) 1807 
/2826 
1844 


ie) 

» 1760 
1779 
1.37908 
i} 1816 
fH 1835 
1853 


> Yearsiin whic 
aN) 


4771 


1789 
1808 
1827 
1845 


1761 


1780 
11799 


1817 


1836 


175391 


1772 


1790 , 


1809 


1828) 


1846 


1762 
1781 


1800 


1818. 


1837 


LG 
(54 


1773 


1791 
1810 
1829 


PAD 


1963, 
1532 
i801 
1819 
1838 


h the Har ml 


1755 
ATTA 


1792 
1811 
1830: 


1 BB 


M 
1764 
1783 


1802 


1820 
1829 


1756 
1775 
1793 
1812 


1991 


1849 


1765 


1784 


1203 
1821 
1840 
BRD? 


1757 
1770 
1704 


1813" 


1832 
4850 


1766 
1785 


1804 


1822 
i843 
1859 


im yi - : ne 


«Moons are’ leaft wala» 
ae ves 


Mf 
vf 


17585 


LAA) 


1795 
1814 


2539; 


1851 


Years 7 in which ther ai are re mop bengfcial, 


1767 
1786 
1805 
1829 
1842 


1773. a4 


(1824. 1825} 


rel) 


1.790. L9H 
1815 

1834' ; 
1952 > 


N 
1768 
1787" 
1806 


1843 
1861 


nad 1855 Cun 1857 1860 


293. At tise Bolin Circles, when thes Sun enews 
the Summer Tropic, he coutinues'24 hours above 
the Horizon; and 24 hours below it when he 
touches. the Winter Tropic. For the fame reafon 
the Full Moon neither rifes in Summer, nor fets 
in Winter, coufidering her as moving in the Feli: p- 
tic. For. ‘die Winter Foll Moon being as high in 
the Ecliptic as the Summer Sun, muft'therefare 
continue as long above the Horizon; and the 
Summer Fall Moon being as low in the Ecliptic 
as the Wintér Sun, can no more rife than he does. 
But thefe are only the two Full Moons which hap- 
pen about the Tropics; for all the others rife and | 
fet. In Summer the Full Moons are low, and their 
{tay is {hort above the Horizon, when the iehtss are 
fhort, and we have leaft oocahGt for Wasi light; 
in Winter|they go high, and flay long above tlie 
‘Horizon, when the nights are long; bad we want 
the greatelt quantity of Moon- licht, 


8294: At theo Poles, one half of tlie Keliptic The long 


sever, Coabance 


* 
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ef Moon- : never fets, and the other half never rifes: and — 
‘Jaatthe therefore, as the Sun is always half a. year in | 
| defcribing one half of the Ecliptic, and as long in 
going through the other half, it is natural to 
imagine that the Sun continues half a year together 
above the Horizon of each Pole in its tur n, and 
as long below it; rifing to one Pole when he fets 
to the other. This would be exactly the cafe if 
there were no refraction; but by the Atmofphere’s 
refracting the Sun’s rays, he becomes vifible fome 
days fooner, § 183, and continues fome day 
_ longer in fight than he would otherwife do: fo that 
he “appears above the Horizon of either Pole 
before he has got below the Horizon of the other. 
And, as he never goes more than 232 degrees 
below the Horizon of the Poles, they have very 
- little dark night: it being twilight there as well as 
at all other places, till the Sun be 18 degrees below — 
the Horizon, §177. The Full Moon being always ° 
oppofite to the Sun, can never ‘be feen while 
the Sun is above the Horizon, except when the 
Moon falls in the northern half of her Orbit ; for 
whenever any point of the Ecliptic rifes, the 
oppofite point fets. ‘Therefore, as the Sun is above 
the Horizon of the north Pole from the 20th of 
March till the 23d of September, it is plain that the 
Moon, when Full, being oppofite to the Sun, muft 
be below the Horizen duri ing that half of the year. 
But when the Sun is in the fouthern half of the 
Ecliptic, he never rifes to the north Pole, during 
which half of the year, every Full Moon happens 
~ in fome part of the northern half of the Ecliptic, 
which never fets. Confequently, as the polar In- 
habitants never fee the Full Moon in Summer, 
they have her always in the Winter, before, at, 
aud after the Full, fhining for 14 of our days and 
nights. And when the Sun is at his greateft 
depreffion below the Horizon, being then in 
Capricorn, the Moon is at her Firft Quarter in 
Aries, Full in Cancer, and at her Third Quarter 
| in 
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in Libra. And as the beginning of Aries is the PLATE 
-rifing point of the Ecliptic, Cancer the highefi, 
and Libra the fetting point, the Moon rifes at her 
Firft Quarter in Aries, is moft elevated above the 
Horizon, and Full in Cancel. and fets at the be- 
ginning of Libra in her Third Quarter, having 
continued vifible for 14 diurnal rotations of the 
Earth. Thus the Poles are fupplied one half of 
the winter-time with conftant Moon-light in the 
Sun’s abfence; and only lofe fight of the Moon 
from her Third to her Firft Quarter, while the 
gives but very little light: and could be but of 
little and fometimes of no fervice to them. A 
bare view of the Figure will make this plain; in Fs. ¥- 
which let S be the ‘Sun, e the Earth in Summer, 
when its north Pole 2 inclines toward the Sun,» 
and E the Earth in Winter, when its north Pole 
declines from him. SEN and NWS is the Ho- 
yizon of the north Pole, which is coincident with 
the Equator; and, in both thefe pofitions of the 
Earth, » so @ vp is the Moon’s Orbit, in which 
fhe goes round the Earth, according to thé.order 
of the letters abcd, ABCD. When the Moon) 
is at a; fhe is in her Third Quarter to the Earth 
at e, and juftrifing to the north Pole 2; at 6 fhe 
changes, and is at the greatelt height above the 
Horizon, as the Sun likewife is; at c fhe is in her 
Firft Quarter, fetting below the Horizon; and is 
loweft of all under it at d, when oppofite to the 
Sun, and her enlightened fide towards ihe Earth. 
But then fhe is full in view to the fouth Pole p: _ 
which is as much turned from the Sun as the 
north Pole inclines towards him. Thus in our’ 
Summer, the Moon is above the Horizon of the 
north Pole while the deferibes the northern hal” 
of the Ecliptic v os 2, or from her Third Quar- 
ter to her. Firft; and below the Horizon during 
her progrefs through the fouthern half = wv; 
higheft at the Change, moft deprefied at the Fuli. 
But in winter, when the Earth is at dc, and its 
north 
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north Pole aia from the San, the New ei on 
at.D.is at her greateft depreffion below. the Hori- 
zon NIVS, and) the Full Moon at Bat her: greateft 
height, above its. mfing at her Firft. Quarter. A, 


auth keeping ahnss the Horizon till fhe comes. to: . 


her Thi Quarter C.. At.& mean ftate the is 234 
_ degrees abowe the , Horizon at Band 6, and.-as 


much below it at D.and d, equal, to the inclination 
of the Earth’s, Axis F. Sa. or S w are, as it. 


were, a ray of light proceeding from the Sun to 
the Earth ; and fhews.that when the Harth is.at.e, 


the Sun is vabove the. Horizon, vertical to the . 


‘Tropic of Cancer.; and when the Earth is at E, 


he is. below the Horizon, vertical to the Tropic of 


& ‘apr icorn. 


6 WAP) Xvit | 
f Of the ae and Flowing of the Sean, | 


, 


bi cplhin 295. HE caufe of the Tides was difcovered 
of the Tides” 1 
difcovered (.). by Kerrier, who, in his Zniroduétion to 


by Bare -ghe Phuficso of the Heavens, thus explains it ; * Phe 
Orb of the attracting power, which is in the ‘Moon, 
ig extended as far as = the Earth; aud draws the wa- 
ters under the Torrid Zone, ating upon places 
-where it is vertical, infenfibly on confined feas and 
bays, but fenfibly on the ocean, whofe beds are 
large, and the waters have the liberty of recipro- 
cation; that is, of rifing and falling.” And in the. 
oth page of his Lunar A ronomy— But the caufe 
of Fthe Tides of the Sea appears to be the bodies of 
the Sun and Moon dr awing the waters of the Sea.” 
Their The-"[his hint being given, the immortal. Sir Isaac 


' ory im- 


proved by Newton improved it, and wrote fo amply on the 
ate fubjett, as to make the Theory of the Tides in.a 
* ‘manner quite his own ;-by difcovering the caufe 

‘of their rifing on the fide of the Earth oppofite to 

-the Moon... For Keruex believed, that the spre- 
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fence of the Moon occafioned an impulfe which PLATE 

eaufed another in her abfence. Paso ; oe . 
296. It has been already fhewn, § 106, that the Explained 

power of gravity diminifhes as the fquare of the Qovtonfan 

- diftanée increafes ; and therefore the waters at Z, principles. 

onthe fide of the Earth 4 BCDEFG Horext the... 

P Fig. I. 
“Moon M, are more attracted than the central parts ~ 

of the Earth O by the Moon, and the central parts 

‘are more attraéted by her than the waters on the 

_ oppofite fide of the Earth at 2 : and, therefore, the 

 diftance between the Earth’s center and the waters 

on its furface under and oppolite to the Moon 

will be increafed. For, let there be three-bodies 

‘at H, O, and D: if they are all equally attracted 

by the body 44, they will all move equally faft 
towards it, their mutual diftances from each other 

continuing the fame. If the attraction of A/ is un- 
equal, then that body which is moft ftrongly at- 
tracted will move fafteft, and this will increafe its 

- diflance from the other body. ‘Therefore, by the 

law of gravitation, 47 will attract H more firongly 

than it does O, by which the diftance between 

and O will be increafed: and a f{pectator on O will 

- pereeive Hrifing higher towards Z. In hke:man- 

ner, O being more ftrongly attracted than D, it 

will move farther towards Mf than D does: COnfe-  _ 

quently, the diftance between O and D will be 

-inereafed ; and a fpectator on O, not perceiving 

his own motion, will fee D receding farther from 

him towards: all effects and appearances. be- 

ing the fame, whether D recedes from O, or O 


from JD. | 


294. Suppofe now, there is a number of bodies, 
as, 4, B.C, D,E, F, G, H, placed round O; fo as 
to form a flexible or fluid ring: then, as the whole 
is attracted towards MV, the parts at Hf and D will 
have their difiance from O increafed; while the 
parts at Band F, being nearly at the fame diftance 
from M as O is, thefe parts will not recede from 
one another ; but rather, by the oblique euouanan 
Soe : Q ia 
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Of M, they will approach nearer to O, ° Hence, 


the fluid ring will form. itfelf into an ellipfe 
ZIBLnKFNZ, whofe longer Axis nOZ pro- 


- duced will pafs through M, and its thorter Axis 


BOF will terminate in B and F. Let the Ring be 
filled with fluid particles, fo as to form a fphere 
round O; then, as the whole moves towards AV, the 
fluid {phere being lengthened at Z and 7, will 
affume an oblong or oval form. If Af is the 


Moon, O the Earth’s center, ABCDEFGH the 


Sea covering the Earth’s furface, it is evident, by 


‘the above reafoning, that while the Earth by its 


gravity falls towards the Moon, the Water directly 
below her at B will {well and rife gradually towards 
her: alfo the Water at D will recede from the 
center |[ftrictly fpeaking, the center recedes from 
D), and rife on the oppofite fide of the Earth: while 
the Water at B and Fis deprefled, and falls below | 
the former level. Hence, as the Earth turns round 
its Axis from the Moon to the Moon again in 243 © 
hours, there will be two Fides of Flood and two of 
Ebb in that time, as we find by Experience. 

298. As this explanation of the ebbing and 
flowing of the Sea is deduced from the Earth’s con- 
fiantly falling towards the Moon by the power of 
gravity, fome may find a difficulty in conceiving 
how thisis poffible, when the Moon is full, or in 
oppofition to the Sun; fince the Earth revolves 
about the Sun, and muft continually fall towards 
it, and therefore cannot fall contrary ways at the 
fame time: or ‘if the Earth is conttantly falling 
towards the Moon, they muft come together at 
Jaft. ‘To remove this difficulty, let it be confi- 
dered, that it is not the center of the Earth that 
defcribes the annual Orbit round the Sun, but 
the * common center of gravity of the Earth and 


Moon 


* This center isas much nearer the Earth’s center than the 
Moon’s as the Earth is heavier, or contains a greater quantity 


. of matter than'the Moon, namely, about 40 times. © If both 
_ Bodies: were fufpended. on it, they would hang tn-equilibrio. 


So: 
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Moon together: and that while the Earth is 
moving round the Sun, it alfo defcribes a Circle 
round that center of gravity ; going as many times 
round it in one revolution about the Sun as there 
are lunations or courfes of the Moon round the 
Earth in a year: and therefore, the Earth i3 con- 
fiantly falling towards the Moon from a tangent 
to the Circle it defcribes round the faid common 
_center of gravity. Let Md be the Moon, TW part 
of the Moon’s Opbit, and C the center of gravity 
of the Earth and Moon; while the Moon goes 

round her Orbit, the center of the Earth defcribes 
- the Cirele dg e round C, te which Circle g ak is a 


Ke 


~ 


PLATE 
1X; 


‘Fig. If, 


tangent : and therefore, when the Moon has gone. 


from Jf to a little paft W, the Earth has moved 
from g toe; and in that time has fallen towards. 
the Moon, from the tangent at a@ to e; and fo on, 
_ round the whole Circle. . 


_ 299: The Sun’s influence in raifing the Tides is - 


but {mall in comparifon of the Moon’s: for though 
the Earth’s diameter bears a confiderable propor- 
tion to its difiance from the Moon, it is next to 
nothing when compared to its diftance from the 
Sun. And therefore, the difference of the Sun’s 


attraction on the fides of the Earth under and op- 


pofite to him, is much lefs than the difference of 
the Moon’s attraction on the fides of the Earth 
under and oppofite to her: and therefore the 


Moon mutt raife the Tides much higher than they’ 


can be raifed by the Sun. 


300. On this Theory, fo far as we have ex- 
plained it, the Tides ought to be higheft directly 
under and oppotite to the Moon; that is, when 
the Moon is due north and fouth. But we find, 
that in open Seas, where the water flows freely, 

if , | “ the 
. So that dividing 240,000 miles, the Moon’s diftance from the 
Earth’s center, by 40, the excefs of the Farth’s weight above 
the Moon’s, the quotient will be 6000 miles, which 1s the dif- 
_tancé of the comiion center of gravity of the Earth and Moon 
from the Earth’s center. 


Q2 


Why the 
Tides are. 
not higheft 
when the 
Moon is om 
the Meri- 
dian. 
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pirate the Moon is generally paft the north and fouth - 

1X. | Meridian, as at p, when it is high water at Z and 

Fig. t. at 2 The reafon is obvious; for though the 
Moon’s attraction was to ceafe altogether when fhe 
was paft the Meridian, yet the motion of afcent 
communicated to the water before that time would 
make it continue to rife for fome time after; much 
more muft it do fo when the attraction is only 


. diminifhed : as alittle impulfe given to a moving 


ball will caufe it ftill to move farther than other- 
wife it could have done. And as experience fhews 
that the day is hotter about three in the afternoon | 
than when the Sun is on the Meridian, becaufe of 
the encreafe made to the heat already imparted. 


Ace ok eee The Tides anfwer not always to the fame 
antwer to diftance of the Moon from the Meridian at the. 


herbeing at fame place; but are varioudly affected by the action 


a 
% 


the fame : : ? 
difance Of the Sun, which brings them on fooner when the - 


from it. ~~ Moon is in her Firft and Third Quarters, and keeps 
them back later when fhe is in her Second and 
Fourth: becaufe, in the former cafe, the Tide raifed 
by the Sun alone would be earlier than the Tide 
raifed by the Moon; and in the fatter cafe later. 


. 302. The Moon goes round the Earth in an 
elliptic Orbit, and, therefore, in, every Lunar 
Month fhe approaches nearer to the Earth than 
her mean diftance, and recedes farther from it. 
Spring and’ When fhe is neareft, fhe attracts ftrongeft, and fo 
neap Tides. paifes the Tides moft; the contrary happens when 
fhe is' fartheft, becaufe of her weaker attraction. 

When both Luminaries are in the Equator, and the 
Moon in Perigeo, or ‘at her leaft diftance from the | 

Earth, fhe raifes the Tides higheft ofall, efpecially — 

at her Conjunétion and Oppofition ; both becaufe 

the equatoreal parts have the greateft centrifugal - 
force from their defcribing the largeft Circle, and 

from the concurring a¢tions of the Sun and Moon, . 

At the change, the attractive forces of the Sun 

and Moon being united, they diminifh the gravity. 

15 Q 
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of the waters under the Moon, and their gravity 
on.the oppofite fide is diminifhed by means of a - 
_ greater centrifugal force. At the Full; while the Fis. VI. 
~ Moon raifes the Tide under and oppofite to her, 

the Sun acting in the fame line, raifes the Tide 
under and oppofite to him; whence their conjoint 

effe&t is the fame as at the Change; and in both 
cafes, occafion what we call the Spring Tides. But 

at the Quarters the Sun’s action on the waters at. 

O and H.diminithes the effect of the Moon’s action 

on the waters at Z and N;: fo that they rife alittle 
under and oppofite to the Sun at O and H, and 

fall as much under and oppofite to the Moon at, 

Z and N; making what we call the Neap Tides, 
becaufe the San and Moon then act crefs-wile to 
each other. But, firi¢tly fpeaking, thefe ‘Tides 
happen not till fome time after; becaufe in this, 

as m other cafes, § 300, the actions do not produce 

the greateft effect when they are at the frongett, 

but fome time afterward. tes 


203. The Sun being nearer the Earth in Winter yotgreaten 
than in Sunimer, 4 205, is of courfe nearer to it in theEqui- 
February and Odtober, than in March and Septem wry.” be 
ber; and therefore the greateft Tides happen not 
till fome time after the auttimnal Equinox, and 
- retura a little before the vernal. | | 

The Sea being thus put in motion, would coni- The Tides 
tinue to ebband flow for feveral times, even though Yorn 
the Sun and Moon were annihilated, or their ately ceafe 
influence fhould ceafe: as if a bafon of water were Pre 
agitated, the water would continue to move for ofthe Sun 
fome time after the bafon was left to ftand ‘till, "* "°°" 
Or like a pendulum, which having been put in 
motion by. the hand, continues to make feveral 
vibrations without any new impulfe. ee 

304. When the Moon is in’ the Equator, the The lunar 

: oa ays what, 
Tides are equally high in both parts of the lunar The Tides 
day, or time of the Moon's revolving from the "ie ro une- 
Meridian to the Meridian again, which is 2.4 hours jn the tame 

2 50 minutes, oY se 
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sominutes. But as the moon declines from the 
Equator towards either Pole, the Tides are alter- 
nately higher and lower'at places having north or 


fouth Latitude. For one of the higheft elevations, 


which is that under the Moon, follows her towards 
the Pole to which fhe is neareft, and the other 
declines towards the oppofite Pole ; each elevation — 
defcribing parallels as far diftant from the Equator, 
on oppofite fides, as the Moon declines from it to 
either fide; and confequently, the parallels de- 
{cribed by thefe elevations of the water are twice 
as many degrees from one another, as the Moon is 


from the Equator; increafing their diftance as the 


Moon increafes her declination, till it be at the 
greateft,when the faid parallels are, at a mean fiate, 
47 degrees from one another: and on that day, — 
the tides are moft unequal in their heights. As 


the Moon returnstowardsthe Equator, the parallels 


- defcribed by the oppofite elevations approach to- 


wards each other, until the Moon comes to the 
Equator, and then they coincide. As the Moon 
declines towards the oppofite Pole, at equal 
diftances, each elevation defcribes the fame parallel 
in the other part of the Lunar day, which its oppo- 
fite elevation defcribed before. While the Moon 
has north declination, the greateft tides in the 
northern Hemifphere are. when fhe is above the 
Horizon; and the reverfe while her declinationis | 
fouth. Let NES2Q be the Earth, NCS its — 


Axis, E Q the Equator, Ta the Tropic of Cancer, 


t yp the Tropric of-Capricorn, a 6 the arétic Circle, 
cd the antarctic, N the North Pole, S' the South 
Pole, Mf the Moon, Fand G the two eminences of 
water, whofe loweft parts are at a and d (Fig. III.) 
at N and S' (Fig. 1V.) and at 6 and c (Fig. V,) 
always go degrees from the higheft. Now when. 
the Moon is in her greateft north declination at | 
M, the higheft elevation G under her, is on the 
Tropic of Cancer 7"  , and the oppofite elevation 
F on the Tropic of Capricorn, é 7p; and thefe two 
Mad | geek ns A eR elevations 
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elevations defcribe the Tropics by the Earth’s PLate 
diurnal rotation. All places in the northern He- 
mifphere E N2 have the higheft Tides when they 
come into the pofition 6 « 2, under the Moon; 
and the loweft Tides when the Earth’s’ diurnal 
rotation carries them into the pofition a 7’£, on 
the fide oppofite to the Moon; the reverfe happens 
at the fame time in the fouthern Hemifphere 
ES, as is evident to fight. The Axis of the 
Tides aCd has now its Poles a and d (being always 
go degrees from the higheft: elevations) in the 
arctic and antarélic Cireles: and therefore it is 
plain, that at thefe Cireles there is but one Tide 
of Flood and one of Ebb, in the lunar day. For, 
when the point @ revolves half round to 6, in 12 
lunar hours it has a tide of Flood; but when it 
comes to the fame point a again in 12 hours more, Fig. rv, 
it has the loweft Ebb. In feven days afterwards 
the Moon M comes to the Equinoétial Circle, and 
is over the Equator £2, when both elevations 
defcribe the Equator ; and in both Hemipheres, 
at equal diftances from the Equator, the ‘tides are 
equally high in both parts of the lunarday, The 
whole Phenomena being reyerfed, when the Moon 
has fouth declination, “to. what they were when Fis. V- 
her -declination was north, require no farther 
-defcription, 
305. In the three laft mentioned figures, the 

Earth is orthographically projected on the plane of 

the Meridian ; but in order to defcribe a particular 
Phenomenon, we now pee it on the plane of 
the Ecliptic. Let HZON be the Earth and Sea, fig. vi. 
FED the Equator, T’ the Tropic of Cancer, C 
the arctic Cirele, P the North Pole, and the Curves 

1, 2, 3, &c. 24 Meridians, or Hour-circles, inter- 
feéting each other in the Poles; 4G MM is the 
Moon's Orbit, S' the Sun, M the Moon, Z the 
Water elevated under the Moon, and V the Oppor When both 
fite equal Elevation. As the loweft parts of the ourlytegh 
‘Water are always “ti degrees from the highef, in the Gms 


y, they 
when s nate at 
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unequal in- when the Moon is in either of the Tropics (as at 

tervals of prom ane : Mae 34 Ly 

Time; 2nd Mf) the Elevation Z is on the Tropic of Capricorn, 

vice ver. and the oppofite: Elevation N on the Tropie of 
Cancer; the low-water Circle /1C’O touches the 
polar Circles at C, and the high-water Circle _ 
ETP6 goes over the Poles at P, and divides 
every parallel of latitude into two equal fegments. 
In this cafe the Tides upon every parallel are 
alternately higher and lower; but they return in 
equal times: the point 7’ for example, on the 
Tropic of Cancer (where the depth of the “tide is 
reprefented by the breadth of the dark {hade) has 
a fhallower Tide of Flood at. 7, than when it re- 
volves half round from thence to 6, according to 
the order of the numeral Figures; but it revolves 
as foon from 6 to Tas it did from 7 to 6. When 
the Moon is in the Equinoétial, the Elevations. Z 
“and.N are transferred to the Equator at O and H, 
and the hieh and low-water Circles are got into 
each other’s former places; in which cafe the 
Jides return in unequal times, but are equally 
hich in parts. of the lunar day: for a place at 
tr (under D) revolving as formerly, goes fooner 
from 1 to 11 (under #) than from 11 to 1, be- 
caufe the parallel it defcribes:is cut mto unequal 
fegments by the high-water Circle HCO: but the — 
paints 1 and 11 being equidiftant from the Pole 
of the Tides at C, which is direétly under the Pole 
of the Moon’s Orbit MGA, the Elevations are 
equally high in both parts of the day. 


306. And thus it appears, that as the Tides — 
are governed by the Moon, they muift turn onthe 
Axis of the Moon’s Orbit, which is. inclined 2394 
degrees to the Earth’s Axis at a mean ftate: and 
therefore the Poles of the Tides muft be fo many j 
degrees from the Poles of the Earth, or in oppo- — 
fite points of the polar Circles, going round thefe, — 
Circles in every lunar day. It is true, that accord- 
ing to Fig. [V. when the Moon is vertical to the © 

: | Kiquator 


a 


am 
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Equator ECQ, the Poles of the Tides feem to PLATE 
fall-in with the Poles of the world N and S; but ™%* 
when we confider that /GH is under-the Moon’s — - 
Orbit, it will appear, that when the Moon is over 
H; inthe Tropic of Capricorn, the north Pole of 
the Tides (which can be no more than go degrees 
from under the Moon) muft be at’C ur the arclic 
Circle, not at P; the north Pole of ithe Earth; 
and as the Moon afcends from /7 to G in her Orbit, 
the north Pole of the Tides mutt dhift from ¢ toa 
in the artic circle, and the Touth Pole as much in 
the antarctic. 

It is net to be doubted, but that the Karth’s 
_ quick rotation brings the Poles of the ‘Vides nearer 
to the Poles of the World, than they would be if | 
the Earth were at refi, and the Moon revolved 
about it only once a mouth; for otherwife the 
Tides would be more unequal in their heights, and 
times of their returns, than we find they are.. But 
how near the Earth’s rotation may bring the Poles 
of its Axis and thofe of the Vides together, or 
how far the preceding Tides may aftett thofe 
which follow, fo as to make them keep up nearly 
to the fame heights, and times of ebbing and flow- 
ing, isa problem more fit to be folved by obiezva- 
tion than by theory. 3 : 


307. Thofe who have opportunity to make Toknow'st 
obfervations, and choofe to fatisfy themfelves whe- What ¢intes 
rae 4 . we may ex- 

ther the Tides are really affected in the above pect the 


manner by the different pofitions of the Moon, ea 
efpecially as to the unequal times of their returns, © 
may take this general rule for knowing when they 
ought to be fo affected. When the Barth's Axis: 
inclines to the Moon, the northern Tides, if not 
yetarded in their paflage through Shoals and Chan- 
nels, nor affected by the’ Winds, ought to be 
greateft when the Moon is above the Horizon, leaft 
when fhe is. below it; and quite the reverfe when 
the Earth’s Axis declines from her; but in both 

cales, 


434 


Why the — - 


Tides rife 
higher in 
Riverstban 
in the Sea. 


OF the Tides. 


cales, at equal intervals of time, When the 
Earth’s Axis inclines fidewife to the Moon, both 
Tides are equally high, but they happen at unequal 
intervals of time. In every Lunation, the Earth’s 
Axis inclines once to the Moon, once from her, 
and twice fidewife to her, as it. does to the Sun 
every year; becaufe the Moon goes round the 
Ecliptic every month, end the Sun but once in a 
year. In Summer, the Earth’s Axis inclines to- 
wards the Moon when New; and therefore the 
day-tides in the north ought to be higheft; and 
night-tides loweft, about the Change; at the Full 
the reverfe. At the Quarters they ought to be 
equally high, but unequal in their returns; becaufe | 
the Earth's Axis then inclines fidewife-to the Moon. 
In Winter, the Phenomena are the fame at Full- 
Moon asin Summer at New. In Autumn, the 
Farth’s Axis inclines fidewife to the Moon when 
New and Full; therefore the Tides ought to be 
equally high, and unequal in their returns at thefe 
times. At the Firft Quarter, the Tides of Flood 
thould be Jeait when the Moon is above the Hori- 
zon, greateft when fhe is below it; and the reverfe 
at her Third Quarter. [In Spring, the Phenomena 
of the Firft Quarter anfwer ta thofe of the Third 
Quarter in Autumn; and vice verfé. The nearer 
any time is to either of thefe feafons, the more the 
‘Tides partake of the Phenomena of thefe feafons; 
and in the middle between any two of them, the 
Tides are at a mean ftate between thofe of both. 


308. In open Seas, the Tides rife but to very 
{mall heights in proportion to what they do in 
wide mouthed rivers, opening in the Direction of 
the Stream of Tide. For, in Channels growing . 
narrower gradually, the water is accumulated by 
the oppofition of the contracting Bank. Like a 
gentle wind, little felt on an open plain, but ftrong 
and brifk in a ftreat; efpecially if the wider end 
of the fireet be next the’ plain, and in the way of 
PROMI REMY FIR S08 CAS RRMA ak Sa 
: | 309. The 
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. The Tides are fo retarded in their paflage 
ilove different Shoals and Channels, and other- 
wife fo varioufly affected by firiking acaintt Capes of 
and Headlands, that to different places they hap- 
perat all difiances of the Moon from the Meridian ; 
confequently at all hours of the lunar day. ‘The 
Tide propagated by the Moon in the German 
Ocean. when fhe is three hours pait the Meridian, 
takes 12 hours to come from thence to London- 
bridge; where it-arrives by the time that anew 
Tide is raifed in the Ocean. And, theretore, when 


=§5 
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happen at 
all diftances 
ey theMoga 

m the 
ie idian at 
‘differeat 
? places, and 
why. : 


the Moon has north declination, and we thould. 


expect the fide at London to be ereateft when the 
Moon is above the Tlorizon, we find it is leaft; 

and the contrary when fhe has fouth declination. 
At feveral places it is high-water three hours be- 
fore the Moon comes to the Meridian; but that 
Tide which the Moon bullies as it were before 
her, is only the Tide oppolite to that which was 
raifed by her when the was nine hours pat the op- 
pofite Meridian. 


#310. There are no Tides in ‘Lakes, becaufe they 
are generally fo fmall, that when the Moon is 
vertical the attra¢ts every part of them alike, and ™ 
therefore by rendering all the water equally light, 
“no part of it can het raifed ngher than another. 
The Alediterranean and Baltic Seas have very fmall 
elevations, becaufe the Inlets by which they com- 
-munieate with the Ocean are fo narrow, that they. 
‘eannot in fo fhort a time receive or difcharge 
enough to raife or fink their furfaces fenfibly *. 


ii. Air being lighter. than water, and the 
furtace of the Atmofphere being nearer to the 
Moon than the furface of the Sea, it cannot be 
doubted that the Moon -aifes much higher Tides 
in the Air than in the Sea. And therefore many 


* The reader wht wifhes more fibration upon this fubje@ 
may confult the writings of New ton, pecrhaieue ations 
hehe a Robilen, &e, — Ed. 
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have wondered why the Mercury does not fink in 


“Why the 
Mercury in 
the Baro- 


the Barometer when the Moon’s aciicn on the 
particles of Air makes them lighter as fhe paffes 
over the Meridian. But we mnft confider, that 
as thefe particles are rendered lighter, a greater 
number of them is accumulated, until the defi- 


meter isnot Ciency of gravity be made up by the height of the 


affected by 
the aérjal 
Tides. 


Of Eclipfes: Their Number and Periods. A large 


A fhadow,; 
what. 


Eclipfes of 


the Sun and ' 


oon, 
what. 


column; and then there is an equilibrium, : and con- 
fequently an equal preflure upon the Mercury 
as before; .fo that it cannot be affecled by the 
aérial Tides, . 


Ce youls Hu. Pui LLL ce & 
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312. FXVERY: Planet and. Satellite is illumi- 

nated by the Sun, and cafts a fhadow 
towards that point of the Heavens which is oppo- 
fite to the Sun. This fhadow is nothing ‘but a 
privation of light in the {pace hid from the Sun 
by the opaque body that intercepts his rays. 

313. When the Sun’s light is fo intercepted by . 
he Moon, that to any place of the Earth the Sun 
appears partly or wholly covered, he is faid to 
undergo an Eclipfe: though, properly fpeaking, 


itis only an Kclipfe of that part of the Earth where 


the Moon’s fhadow or * Penumbra falls. When- 
the Earth coines between. the Sun and Moon, the 
Moon falls into the Karth’s fhadow. and having 
no light of her own, fhe faflers a real Eclipfe from 


_ the interception of the Sun’s rays. When the Sun 


oe 


“is eclipfed to us, the Moon’s Inhabitants on the 
fide next the Earth (if any fuch there be) fee her 
fhadow like a dark fpot travelling over the Earth, 
about twice as falt as its equatoreal parts move, 


* The Pena is a faint kind of fhadow all i kas the 


per feet fhadow of the Planet or Satellite, and will be afterwards 


more fully explained. ° } 
and — 
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‘and the fame way as they move. When the Mcon 
is in an Eclipfe, the San appears eclipifed to her, 
total to all thofe parts on which the Earth’s fhadow 
falls, and of as long continuance as they are in the 
fhadow. iwi 
_ 314. That the Earth is fphericel (for the hills /reefthat 
take off ne more from the roundnefs of the Earth, and sisah 
than grains of dyft do from the roundnefs of assem 
common Globe) is evident from the figure of its % 
fhadow on the Moon; which is always bounded 
by a circular line, although the Earth is inceflantly 
turning its different fides to the Moon, and very 
feldom fhews the fame fide to her in different 
'Eclipfes, becaufe they feldom happen at the fame 
hours. Were the Earth fhaped like a round flat 
_ plate, its fhadow would only be circular when 

either of its fides directly faced the Moon; and 
more or lefs elliptical as the Earth happened to be 
turned more or lefs obliquely towards the Moon 
when the is eclipfed. The Moon’s different Phafes 
prove her to be round, § 254; for, as fhe keeps 
{till the fame fide towards the Earth, if that fide 
- were flat, as it appears to be, fhe would never be 
vifible from the Third Quarter to the Firft; and 
from the Firft Quarter to the Third, fhe would ap- 
pear as round as when we fay fhe is Full: becaufe . 
at the end of her Firft Quarter the Sun’s hight would 
come as fuddenly on all her fide next the Earth, as 
it does on a flat wall, and go off as abruptly at the 
end of her Third Quarter. ; 


gig. If the Earth and Sun were equally big, And thae. 
the Earth’s fhadow would be infinitely extended, incibiese 


» muchbigger. 


and all of the fame bulk; and the Planet Mars, thas the 
in either of its Nodes, and oppofite to the Oe Go oli 
would be eclipfed in the EKarth’s fhadow. Weremch lets. 
the Earth bigger than the Sun, its fhadow would 
increafe in bulk the farther it extended, and would 
eclipfe the great Planets Jupiter and Saturn, with — 
all their Moons, when they were oppofite to the 

_ Sun, 
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% 


Sun.» But as Mars in oppofition never falls into 
the Earth’s fhadow, although he-is not then above 


ge mnillions of miles from the Earth, it is plain 


that the Earth is much lefs than the Sun; for 
otherwife its fhadow could not end in a point at 
fo fmall a diftance. If the Sun and Moon were 
equally big, the Moon’s fhadow would go on to 


the Earth with an equal breadth, and cover a por- 


The pri- 
“gnary Pla- 
mets never 
eclipfe one 
auother. 


Why there | 


are fo few 
Eclipfes. 
* 


tion of the Earth's furface more than 2000 miles 
broad, even if it fell directly againft the Karth’s 
center, as feen from the Moon; and much more 
if it fell obliquely on the Earth: but the Moon’s 
fhadow is feldom 150 mites broad at the Earth, 
unlefs when it falls very obliquely on it in total 
Eclipfes of the Sun. In annular Eclipfes, the 
IMoon’s real fhadow ends in a point at fome dif- 
tance from the Earth. The Moon’s fmall diftance 
from the Earth, and the fhortnefs of her fhadow, 
prove her to be lefs than the Sun. And as the 
Earth’s fhadow is large enough to cover the 
Moon, if her diameter were three times as large as 


‘it is (which is evident from her long continuance 


in the {thadow wher fhe goes through its center), 
it is plain that the Earth is much bigger than the 


Moon. 


316. Though all opaque bodies on which the 
Sun ihines have their fhadows, yet fuch is the 
bulk of the Sun, and the diftances of the Planets, 
that the primary Planets can never eclipfe one 
another. A Primary can eclipfe only its Secon- 
dary or be eclipfed by it; and never but when in 
oppofition or conjunction with the Sun. The Pri- 
mary Planets are very feldom in thefe pofitions, 
but the Sun and Moon are fo every month; whence 
one may imagine that thefe two Luminaries fhould 


be eclipfed every month. But there are few 


Eclipfes in refpect to the number of New and Full 
Moons; the reafon of which we fhall now explain. | 
317. Ifthe Moon’s Orbit were coincident with 
the Plane of the Ecliptic, in which the Earth — 
| 7 always . 
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always moves, and the Sun appears to move, the 
~ Moon’s fhadow would fall upon the Earth at every 
Change, and eclipfe the Sun to fome parts of the 
Earth. In jike manner the Moon would go 
through the Middle of the Earth’s fhadow, and be 
eclipfed at every Full; but with this difference, 
that fhe would be totally darkened for above an 
hour and an half; whereas the Sun never was above 
four minutes totally eclipfed by the interpofition 
of the Moon. . But one half of the Moon's Orbit 
is elevated 54 degrees above the Ecliptic, and the 
other half as much depreffed below it: confe- 
quently the Moon’s Orbit interfects the Ecliptie 
in two oppofite points called the Moon’s Nodes, as 
has been already taken notice of, § 288. When 
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TheMoon’s “3 
Nodes. 


thefe, points are in a right line with the center of 


the Sun at New or Full Moon, the Sun, Moon, 
and Earth, areall in a right line; and ifthe Moon 
be then New, her fhadow falls upon the Earth; 
if Full, the Earth’s fhadow falls upon her. When 
the Sun and Moon are more than 17 degrees from 
_ either of the Nodes at the time of Conjunétion, 

_the Moon is then generally too high or too low in 
her Orbit. to caft any part of her{hadow upon the 
Earth. And when the Sun is more than 12 de- 
grees from either of the Nodes at the time of Full 
Moon, the Moon is generally too high or too low 
in her Orbit to go through any part of the Earth’s 
fhadow: and in voth thefe cafes there will be no 


Limits of 
Eclipfes. 


Eclipfe. But when the Moon is lefs than 17 de- 


grees from either Node at the time of Conjunction, 
her fhadow or Penumbra falls more or lefs upon 
the Earth, as fhe is more or lefs within this 
limit *. And when the is lefs than 12 degrees from 


* This admits of fome variation: for in apogeal Eclipfes, 
the folar limit is but 165 degrees; and in perigeal Eclipfes, it ‘ 


is 185.—-—When the Full Moon is in her Apogee, fhe will 
be eclipfed if the be within 10% degrees of the Node; and 
when the is full in her Perigve, the will be eclipfed if the be 
within 123'; degrees of the Node. ie ; 
either 
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PLATEX. either Node at the time of Oppofition, the goes 


Fig. 1. 


through a greater or lefs portion of the Earth’s 


fhadow as fhe is more or lefs within ths hmit. 
Her Orbit contains 360 degrees, of which 17, the 
limit of folar Eclipfes on either fide of the Nodes, 
and 12, the limit of lunar Eclipfes, are but {mall 
portions: and as the Sun commonly paties by the 
Nodes but twice in a year, it ‘is no wonder that 
we have fo many New and Full Moons without 
Eclipfes. ae | 

To illufirate this, Ict 4 BC D be the Ecliptic, 
RSTU aCircle lying in the fame Plane with the 
Ecliptic, and VIV_X'Y the Moon’s Orbit, all thrown 
into an oblique view, which gives them an ellipti- 
cal fhape to the eye. One halt of the Moon’s 
Orbit, as V WX, is always below the Ecliptic, and 
the other half XY V above it. The points V and — 
X, where the Moon’s Orbit interfe¢ts the Circle 
RS TU, whichlies even with the Keliptic, are the 


Line of the Moons Nodes ; and aright line, as ~ EV, drawn, 


Nodes. 


from one to the other, through the Earth’s center, 
is called the Line ef the Nodes, which is carried 


_almott parallel to itfelf round the Sun 1n a year. 


If the Moon moved round the Earth in the 
Orbit RSTU, which is coincident with the Plane 
of the Ecliptic, her fhadow would fall upon the 
Earth every time {he is in cofjunction with the 
Sun, and at every oppofition fhe would go through 
the Earth’s tfhadow. Were this the cafe, the Sun 
would be eclipfed at every Change, and the Moon 
at every Full, as alreadymentioned. 

“But although the Moon’s fhadow N mutt fall 
upon the Earth at ¢, when the Earth is at E, and. 
the Moon in conjunétion with the Sun at 7, becaufe 
fhe is then very near one of her Nodes, and at 
her oppofition x fhe muft go through the Earth’s 
fhadow J, becaute {he is then near the other Nodes 
yet, in the time that fhe goes round the Earth to ~ 
her next Change according to the order of the 
letters X FV IW, the Earth advances from: E to e; 
: according 
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accordi+> to the order of the letters E FG H, and PLATE X, 
the line of the Nodes VEX being carried nearly 
parallel to itfelf, brings the point f of the Moon’s 
- Orbit. in conjunétion with the Sun at that next 
Change; and then the Moon being at jf, is too 
high above the Ecliptic to caft her fhadow on the 
Ear th: and as the Earth is fill moving forwards, 
the Moon at her next oppofition will be at g, too 
. far below the Ecliptic to go through any part of 
the Earth’s fhadow ; for by that time the point g 
will be at a confiderable diftance from the Earth 
as feen from the Sun. | 


When the Earth comes to F, the Moon in con- 
panchon with the Sun Z is not at 4, in a Plane coin- 
cident with the Ecliptic, but above it-at Yin the -" 
higheft part of her Orbit: and then the point 0 of 
| her fhadow O goes far Aue: the Earth (as in. 
Fig. II. which is an edge view of Fig. 1,). “The sag Il 
Moon in her next oppolition is not at o (Fig. IL) 
but at IV,where the Kafth’s thadow goes far above 
her (as in Fig. If.). In both thefe cafes the line of 
the NodesV FX (Fig. I,) is about go degrees from 
the Sun, and both Luminaries are as far as pollib! ie 
from the Timits of Eclipfes. 


“When the Earth Ly gone: aera the Eclip- 
tic from E to G, the line of the Nodes VG X is 
nearly, if not exactly, directed towards the Sun at 
Z: and then the new Moon / cafts her fhadow P 
on the Earth G; and the full Moon p goes through 
the Earth’s fhadow £; which brings on Eclipfes 
. again, as when the arth was at kh. 


When the Earth comes to IZ, the New Moon 
falls'not atm in a plane coincident w ith the Ecliptic 
CD, but at W in her. Orbit below it: and then 
her fhadow 2 (fee Fig. IT.) goes far below the, 
Earth. At the next Full fhe is not at g (Fig. 1.) 
but at Yin her Orbit 54 degrees above y, and at 
her greatelt heig! at above the Ecliptic CD; being 

“‘~ R then 
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-eracsx. then as far as poftible, at any oppofition, from the 
Larth’s fhadow AZ (as in. Fig. IL.). Tike 
_ So, when the Earth is at E and G, the Moon is 
about her Nodes at New and Full; and in her 
greatelt north and /outh Declination (or Latitude as 
4 is generally called) from the icliptie at her — 
Quarters: but when the Earth is at F or /Z, the 
Moon is in her greatelt north and fouth Declination 
from the Eeliptic at New and Full, and in‘ the 
- Nodes about her Quarters. oy: | 


| Reed 8 The pomt X where the Moon’s Orbit. 
sfcending croifes the Ecliptic is calles the 4 /cending Nede, be- 
fecnding caute the Moon afcends from it above the Ecliptic: 
Noe, and the oppofite point of interfeétion / is called the 
Defcending Node, becaufe the Moon defcends from 
sternorth it below the EKeliptic. When the Moon is at Y ir 
aide. the higheft point of her Orbit, fhe is in her greatef, 
| north Latitude ; and when ihe is at HW in the loweft 
point of her Orbit, the is in her greateft jouth 
Latitude. | bis TS aie 
The Nodes. 949. Ifthe line of the Nodes, like the Earth’s 
a og Asis, were carried parallel to itfelf round the Sun, 
motion. there would be jufl. half a year between the con- — 
junctions of the Sun and Nodes. But the Nodes 
fhift backward or contrary to the Earth’s annual 
fiz... motion, 19+ degrees every year; and therefore the 
fame Node comes round to the Sun 19days fooner 
every year than on the year before. Confequently,. 
from the time that the afcending Node X (when 
the Earth is at E) paffes by the Sun as feen from 
. the Earth, itis only 173 days (not half a year} 
wit, till the defcending Node /”paffes by him. There- — 
the Ecliptesfore, in whatever time of the year we have Eclipfes 
a. We the Luminaries about either Node, we may be 
they would fure- that i 173 days afterward we {hall have 
Noles vag LClipfes about the other Node. And when at any — 
notfucha time of the year the line.of the Nodes is in the — 
motion. fituation V G_X, at the fame time next year it will 
be in the fituation 7G»; the afcending Node hav-. 
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ing one backward, that i is, contrary to the order 
of the Signs, from X to s, and the defcending Node 
from V tor; each 194 devrees, . At this-rate the 
Nodes fhift through ‘all the figns and degrees of 
the KF cliptic in 18° years and 225 days; in which 
time there would always be a regular period of 
Eclipfes, if any complete number of Lunations 
were finifhed without a fraGtion. But .this never 
happens; for if both the Sun and Moon fhould: 
fiart from a line of conjunction with either of the 
Nodes in any point of the Ecliptic, the Sun would: 
perform 18 annual revolutions and 222 degrees. 
over and above, and the Moon 230 Lunations and 
85 degrees of the 231ft, by the time the Node - 
came round to the fame pomt of the Ecliptic 
again; fo that the Sun would then be 138 degrees. 
from the Node, and the Moon 85 degrees from the sue 
un. 


920. But, in 229 mean Lunations, afte the A period of 
Sun, Moon, and Nodes, have been once in a line 1" 
of conjunction, they return fo nearly to the fame 
flate.acain, as that the fame Node, which was in 
conjunction withthe Sun and Moon at the begin- 
ning of the firft of thefe Lunations, will be within 
28’, 12” of a degree of a line of conjanétion with 
‘the Suin and Moon again, when the laft of thefe 
Lunations is completed. And therefore, in that 
time, there will be a regular period of Kclipfes, 
-orreturn of the fame Eclipfe for, many ages._—In 
this period (which was firft difcovered. by the 
Chaldeans) there are 18 julian years 11.days 7 
hours 43° minutes 20 feconds, when the lait day 
of Februari -y.in Leap Years is four times included : 
Dut when it is five times included, the period con-~ 
filts of only 18 years 10 days 7 hours 43 minutes 
20 feconds, Confequently, if to the mean time - 
of any Eclipfe, either of the Sun or Moon, you 
add 18 Julian years 11 days 7 hours 43 minutes 20 

4 Ki 4 ' feconds, 


ae 


| feconds, when the laft day of February in Leap” 
Years comes in four times, or a day lefs when it” 
~ comes in five times, you will have the mean time” 
of the return.of the fame Eclipfe. : ; 
But the falling back of the line of conjunétions or 
oppofitions of the Sun and Moon being 28'1 a” with? 
refpect to the line of the Nodes in every period, 
will wear it out in procefs of time; and after that,” 
it will not return again in Jefs than 12492 years.— 
Thefe Eclipfes of the Sun, which happen about 
the Afcending Node, and begin to come in at the 
North Pole of the Earth, will go a little foutherly 
at each return, till they go quite off the Earth at) 
- the South Pole; and thofe which happen about 
the defcending Node, and begin to come in at 
‘the South Pole. of the Earth, will go a little 
northerly at each return, till at laf they quite 
leave the Earth at the North Pole. a 


To exemplify this matter, we fhall frft confider 
the Sun’s Eclipfe, March 21ft Old Style (April aft 
New Style) A. D. 1764, according to its mean 

- yevolutions, without equating the times, or the 
Sun’s difiance from thé Node; and then according 
_ to its true equated times. to 


This Eclipfe fell’ in the open {pace at each 
return, quite cleat of the Earth, ever fince thé 
_ creation till A. D. 1295, fune 13th Old Style, at 
azh. 52m. 59 fec. pot meridiem, when the Moon's 
thadow firft touched the Earth at the North Poles 
the Sun'being then 17° 48’ 27° from, the Afcend- 
ing. Node—In each period fince that time, the 
~ Sun has come 28’ 12” nearer and nearer the fame 
Node, and the Moon’s fhadow has therefore gone 
more and more foutherly—In the year 1962, July 
18th Old Style, at 10h. 36m.-21 fec. p.m. when 
the fame Eclipfe will have returned 38 times, the 
Sun will be only 24 45” from the Afcending 
Node, and the center of the Moon’s fhadow ¥ il 
ie PAC ane 


J 
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‘fall a little northward of the Earth’s center.—At 
the end of the next following period, A. D. 1980, 
Fuly 28th Old Style, at 18h. 19m. 41 fec. p.m. 
the Sun will have receded back 3 27” from the 
Afcending Node, and the. Moon will have a very 


fmail degree of fouthern Latitude, which will caufe. — 


the center of her thadowto pafs a very {mall matter, 
fouth of the Earth’s center.—After which, in 
every following period, the Sun will be 28% 12/7 
farther back from the Afcending Node than in 


the period laft before; and the Moon’s fhadow will 


go. ftill farther and farther fouthward, until Sep- 
tember 12th Old Style, at 23h. 46m. 22 fec. p. m. 
A.D. 2665; when the Eclipfe will have com- 
pleted its 77th. periodical return, and will go 
quite off the Earth at the South Pole (the Sun 
being then 17° 55’ 22” back from the Node); and 
it cannot come in at the North Pole, fo as to begin 
‘the fame Courfe over again, in lefs than 12492 


years afterwards.—And fuch will be the cafe of | 
every other Eclipfe of the Sun: for, as there is- 


about 18 degrees on each fide of the Node within 
which there is a poffibility of Eclipfes, their whole 


revolution goes throng 36 degrees about that 


_ Node, which, taken from 360 degrees, leaves re- 

- maining 324 degrees for the Eclipfes to travel 2m 

 expanfum. And as this 96 degrees is not gone 

through in lets than 77 ‘periods, which takes up 

| 1388 years, the remaining 324 degrees cannot be 

fo gone through in lets than 12492 years. For 
as 96 is to. 1388, fo is 324 to 12492. | 


321. In order to fhew both the mean and true — 


times of the returns of this Eclipfe, through all its 
periods, together with the mean Anomalies of the 
Sun and Moon, at each return, and the mean and 
true diftances of the Sun from the Moon’s afcend- 


ing Node, and the Moon's true Latitude a: the: 


 trne fime of each New Moon, [I have calculated 
| | ea: hf the 


‘ 
% 
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TABLES the following Tapius for the fake of thofe who may | 
- choofe to projeéi this Eclipfe at any of its returns, 


I. 


. nominal days of the Months does not take place 
in the New:. but by adding the number of days - 


/ 


we 
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according to the rules laid down in the XVth — 


Chapter; and have, by that means taken by much _ 
. the greateft part of the trouble off their hands.— 
- All the times are according to theOld Style, for the 


fake of a regularity which, with refpeét to the 


difference between the Styles, they are reduced to 


the times which agree with the New Style, 


According to the mean (or fuppofed-equable) © 
motions of the Sun, Moon, and Nodes, the Moon’s © 
fhacow in this Eclipfe would have firft touched the ~ 
Earth at the North Pole, on the 13th of Fune,— 


A. D.-1295, at 12-h.52m. 59 fec. paft Noon on — 
the Mendian of London ; and would quite leave.the © 


Earth at the South Pole, on the r2th of Scpfember, — 


A. D. 2665, at 23h. 46m. 22 fec, paft Noon, at 4 


the completion of its 77th period; as {hewn by the — 


firft and fecond ‘Tables. 


But on account of the trae (or unequable) mo- 
tions of the Sun, Moon, and Nodes, the firft 


coming-in of this Eclipfe, at the NorthPole of the - 


Earth, was.on the 24th of June, A. D. 1313, at 
3h. 57m. 3 fec, paft Noon; and it will finally 
“leave the Earth at the South Pole, on the 31ft of 


july, A.D. 2593, at 10 h, 25 m, 31 fec. paft 


Noon, at the completion of its 72d period ; as 


{hewn by the third and fourth Tables.—So that — 
the true motions do not only alter the true times — 


from the mean, but they alfo cut off five periods 
from thofe of the mean returns of this Eclipfe. 
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TABLEL. The mean Time of New Moon, with the mean ‘Anomalies 
of the Suis and Moon, and the Sun’s mean diftance from the Moon’s 
Afcending Node, at the mean ‘Time of each periodical Return oi 

the Sun’s Eelipte, Mancu art, 1764; from its firdt coming upon tire 
‘arth fince the Creation, till it falls right againtt the Barth? s Center, 
according to the Old Style. 


Mean Time of | | 
New Moon. - 


Periodical 
Returns. 


13givuly 
1349 July. 
1367\July 
11385\Aug. 
1403)Aug. 
1421|Aug. 
14.39. Sept. 
11457 Sept > 
1475 |Sept. 
1499/0c. 
1511/0€t. 
1529/O0¢t. 
1547 Nov. 
Noy. 
3|Dec. 
Dec. 
}19\Dec. 
638\Jan. 
1656\Jan. 

i 674\San, 
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1836/May 
1854|/May 
3 11872|May 
; [1890 June 
5 \1908\d une 
11926,June 
1944)July 
ig62\July 
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TABLE II. The mean Time of New Moon, with the mean 
Anomalies of the Sin and Moon, and the Sun’s mean Diftance 
from the Moon’s Afcending Node at the mean ‘Time of each 
periodical Return of the Sun’s Eclipfe, Marcu aitt, 1764, from the 
“mean Time of its falling right again the Harth’s Center, till it 
finally leaves the Earth according to the Julian or old Style. 


_|. Mean Time of | Sun’s mean | Moon’s meau|sun’s nsan Dif. 


te c ie: New Moon. | Anomaly. Anomaly. | from the Node. | 
== c= a, ae ag fata ee ee 

Sea ln© (Month DH. ML SL a. 0 fs PO ABP Ro 

89 igSoWuly ‘28.18 19 43) 2 7 25, 44 10 5 7 45 11 29 56 5 
40 r9g8\Aug. 9 2 3 i] 1,17 55 4i]10 2 16, 22/11 29 28 26 
Al» 2016)AUug. 1." 46 21) 128.25 3t) 9 29 24.56/11 2950 & 
42 2og4jAug. 30.17 29 41 2 8 55 3C) 9 26 33 36/11 28 31 55 
43 j2o5gjpept. 10 1 13° 3) 2 19 25 33) 9 23 42 Iyitl 2 8.43 
44. |2070)$ept..21, 8 56 21) 2 29 55 321 9 20 50 50 11 27 35 30 
45 j208sjOct. 1 26 39 41) 3 10 25 27] 9 17.59 sali 2 lie Se 
46, |2106)/08. 13° 0 23,1] 3.20 55 24) 9 15, 8 411 25 39°°5 
47.\2124/04. 23. 8 6 21) 4 1 25 23] 9 12 15 41/11 26 10 53 
48 j2i4a)Nov.. 3.15 49 41| 4.12 55-18) 9 9 2 

49 |2160|Nov. 13 23.3% 1] 4 22.25.15; 9 6 33 

50 }2178|Nov. 25 7 16 21) 5. 255 12) 9 3 42 

51 |2196|Dec. 5 14 59 41) 5.13 25 91 9 0 51 

52, \2014/Dec, 16 92 43.1) 5.23.55 7/8 27 59°. 

53. ao9a|Dec, 27 6.26 2116.4 95 4) 8 25. 8 

54. \20510an. 714 9 41/6 14 55 31) °8 22 17 

55 2o6q\Jan. 17 21 53. 1) 6 .25-24.58| 8 19 25 

56 lao87Jan. 29 5 36 2117 5 54 55/ 8 10 31 

67 .j2g05\Feb. 8 13 19 41| 7 16 24 52, 8 13 42 

58. j2323/Feb. 19 21 3. 1) 7 26 54 49) & 10 51 

59 |234ujMar. 2 4 46 21/8 7 24 46,8 8 Oo 

60 |2359|Mar.,13 12 29°42} 8 17 54 43/8 5 8 

61..(2377/Mar. 232013. 9] 8°28. 24-4018 2 17 § 

62 j2395/Apr. 4 3 56 2219 8 54 37) 7 29 25 

63, a4ig Apr. 14 11 39 42; 9 19 24 34) 7 20 34 : 

64. /2agi|Apr. 25.19 23° 2| 9 99.54 31/4723, 43 

65 paso May 6° 3 0 22/10 10 24 28] 7 20 51 

66 |2467|May 17 10 49 49/10 20 54 25) 7 18 (0 

677 j2485iMay 27 18 $3 atl 1, 24 22 a 8 aga | 

68, jo5ogJune .8 2 16:99}17 11 54°19] 7 12 17 39 

69 re G59 42|4) 22 24 17) 7 9 20 16) ee 8 
79 je5soJune 29°17. 43.2) 0 2 54.14) 7 76,34 53ha 15 2: 

Zi as57duly VCs ya Ae) ) 1 DAs Pere ea ; 4.53.54] 
4a leg7auly 21. 0. ,,9: 42} © 23:54) SF 7-0 52 Fit in os ag 

#9 losoaiduly 31 16 53 3) 1) 4 24 5) 6 98. 0 44/21:13 57 OE 
74 261 AUg. 12 0 30 25| 11454 ¢ 62 9 21/1 16] 
7S (2G29(AUp, 22° 8°19 42) 1°95 2g sO Ooo 17 56s 13s | 
76 \2b47/Sept. '2.16 3 | 2 5 53 56] © 19 26 "9: ‘ 

77 \2005|Sept. 12 28°46 22) 2 10 29 5s 6°16 35 Ich) - & 38h 
Bey penne aan Pea NS REACTS ONY SE IT SE aN AST —<—* 
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TABLE Ill. The-true Time of New Moon, with the Sun’s trae | 
Diftance from the Mcon’s Afcending Node, and the Moon’s true | 
Latitude, at the trae Time of each periodical Return of the Sun’s 
Kelipfe, Marcu. 2ift, Old Style, A. D. 1764, from the Time of its | 
firft coming upon the Harth fince the Creation, tillit falls right 
avainft the Marth’s Center. “ 


Sy ae True Time of | Sun’s trae Dilt. | Moon’s true Latitude 
3 Ela} New Moon. | | trom the Node. | - North. 
eel ae | isos . 
mie bp eS 
pa Sia ~ Month D.H. M.S.) s. 0 Aes Ee BY ERD Nor... 
Re Oy ee Cae ee, ; 
| o pies 19,19: 54 3%) 02 19 40 i B4miic tog ae LN A. 
bo ycligigdune 243.57 °3).0.17 20 122] 1) 99-0 34 °N. A. 
| 2 3giJuly 5.10 42 (8/09 16° 29 1 954/125) 20 AN, A. 
| 3 jisggduly 15 37 14 15) 0. 15° 34 18) 1 20 45 NL ALY 
| 4 (1367 July 26 23.49 24, 0 14 46 oad. Bocas, tks 
|. 5-{1385|Aug. 6 6 41 17) 0°13 59 43) 1 12. 43. N. AY 
6 jigogiAug. 17 13 32 19) 0-13 .16 4441 g 3 NLA 
4 {1421;Aug. 27 20 30 17/0 12 37. 4).1) 5 42 INS: 
8.1439 Sept. 8 351 461 0 132 1 54)1 5 2-40 N, A. 
4) ‘9 -|1457Sept. 18 10 23-21] 0 411 g0 27/0 58 59 N. AL] 
“4 10 [1475Sept. 29°17 57 7) 0.11 8 56) 0. 57° 4g) iN. ALY 
By 1493,0ct. 10 144 3/0 10 41 55/0 55 | 49: NA, 
19.1151 08. «21 9°29. 58) OF 10° 25 LAK Op 54 28 N. A. f 
b xg. 1152900: 9°31-270.9 IB} of torial 27k ds.53° Aig N, Ay gd 
| 14411547} Nov.3 2) 0 51 26} 0. 10) oa saolsol rsa cag. NL A, 
15 1565 Nov. 2258 54 66) Of. GywBeeeaopcomave4oc UN) Ae 
Lacs S see. 9'a6048 27)-O¢ - O) 48-> a4 ot siitddes Ds ACT 
17']1601\Dec. 4.0 51 510 9 43 .42/.0 50.49 N. A] 
18.j1619/Dec. 25. 8 54 59 | 0% G1 40° palo) sovrgi N) ALT 
19. |1638\Jan, 4.16.56 1)0 -9 34 57) 0 50° 3 N. ALG 
90. }1056lJan. 916.0 54.411 0 gg 29 .24)/0 4g’ 57. N. A. t 
a1 |1674lJan, 26° 8 48 24,0 “9 19° 4410 48 44) N. Ad | 
29 |sGgziveb. 6-16 36 28, 0°° g 8 58)0 47 49 NL ALY 
a3 ‘tz10\Feb. 17.0 8 87} 0. 8 54 20)0 46 4g NL A. | 
a4 jr72eikeb. 28. 7 43 40] 0° 8 34 B30 44 52° N. ALT 
75. 0746) Mar. 10°15. 24° 33) Os 8/10 .:98)-6.742,)46 NL ALD 
26 11764|Mar, go 22.30 20)0 7» 42 14 O408 Rw INT AL | 
QT [IS preo 2 5-87 V4 OF PHO LATO. syow@e, Ne A. 
| 28 |1800/Apr.: 11 112 36 38]).0. . 6) 85 30)0° 94°91 NIA 
fag |18i18lApr. 22 19 27 341 O08 5 51° 48. OV Boag oN. A 
g0 11836|May 3°212 71/0 5. 5 5]0 26° 40 °N, AS 
31 1854|May 14: 8-50 40) 0) 4°19 ) 45) 0° 122 242 N. A 
Qe ae 7o| May 24 15°28 25)'O) 91/96 Ve gthroraBar’s (| Ny A 
Qa lvago|J une: 4 22°98 (OO). ots ei sb Oo agthidaesN, A 
34. jigosiJune 15 4°38 23] 0 Pita CARO Sire, «7c: 
} 35 i926\Jane 26 1113 5/0 0 47 38) 0: 4-.10 N, A. 


On account of the differences between the mean and true New 
Moons, and between the Sun’s mean and true diltances from-~-the 
icy PA ; . 4 
‘Node, the Moon’s fhadow falls even with the Marth’s center tivo 
periods fooner in this Tab'e than in the firtt.. | 
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TABLEIV. The true Time of New Moon, with the Sun’s true / q 
Diftance from the Moow’s Afcending Node and the Mcon's true | . 
Latitude at each Periodical Return of the Sun’s Hcliple, Marcu : 
aift, Old Style, A. D.1764, from its falling bight suena the Karth’s | 5 
Sareea till it finally leaves the Harth. i @ 

Ba | True Dime of -|Sun’s true Dit; ‘Meon’s true ee . 
ok New Moon. trom the Node, | South. a 

22 ph ete Pe e 

2 6a | {Month D: HM, Sil ss ° ‘sib F-bagye nerd teimr rep LEE 

35 |roq4ituly 6 17 50 35/11 29 55 28/0 0 5. AL 

1 37 lroGaJuly 18: 0 31 98)11 +29 . 2 35)0) 5 S. A. “ 

38 jr98o\July 28 718 59/12 28 21 82] 0. Qg- S.A. 

f.39 |1¢98:Aug.. 8114 12 aal1a 97 26. 4110. 13:25 8S. AL HF 
40 Aug. 28.21 14 53/11 26 42 16/0 417 Sil fp 
| 421 l20g4)Aug. 30 4.95 45/11. 26 2 0} 0 20 S.A @ @ 
| 42 j2o5giSept. 9111 45.29/11 25 26 46/0 29 ©: Ay : 
§ 43, |\2o70Sept. 20119 17 26112) 26 55% 4/0 26 S. A. ‘ 
| 44 12088)0ct. 1) 2 8jl2 24°) 97 CARzl 0 © 28" Dil A 
45 {2706)0ct.. 12 10 47 go]11 2 4 (38h OW ga). 2A. |. 
f 46 jo1egiOG. 22°18°37 aollt 23. 48 fe) Bi) A. 
L 47 gjNov. 3.2 1z 23> 95 ) S. A, : 
§ 43 Nov. 43°11 Qo11b 23 ge fo) S. A. | 
fh 49 Nov. 24°19 14|11 23° 18 fo) pee A 
#50 Dec. 544 o}11 23 14 0 4 Bi 24, 
Pst Dec. 16.12 35 48]11 23° 10 oO Sit Ay 
| 52 Dec 26 20 Or. 2 —°6 fe) fee: te 
53 Jane © 71.5 OL 2 Bs.) Te oO Bin Ay ~ 
le Jan. 17 44 Sit 2 O ©) 5: Ad im 
| 55 |2287|Jan. 28.22 iTV) (22%. 58 0 S. A. _ 
56 l2go05iFeb. -8) 7 La; "/99t +44 fe) S. A. 
B57 (2323/Feb. :19 15 | ris Banc bas O S. A. 
| 58 log4i/Mar,. 2-0 1) 129% ,a9 fo) LDU A. 
f 59 )2359|Mar,.13°°7 flip 29 55 O S.A. 
#60 j2977|\Mar. 23°15, : Vit. 22.556 om mh Ary 
# 61 [2395)Apr. ..3 23 121) £22} !9 O S. A. 
62 jQ4iclApr. 14. 4 lt 20 26 ) Ou Aus 
# 63 l24gn Apr 25015 re 1g aR 0 S.A. 
a 64 "449 May 5 22 LE 10. 46 oO Siw: 
h O5 12407/May 17 6 11 18 91 1 Bia / 
G66 |: 24.85) May .27119' it..17 34 1 5. 
i qy 2509|June 721 LE Yi" 43 Ne Bir Z 

68 j25anJone 18° 4! 1d 15) 54 i S. 
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By the true Mot ions of the Sun, Moon, and Nedes, this ‘kelipie 
, goes ‘off the Earth four Periods fooner than it would have done a 
, mean-equa ible Motions. : 
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TO iluftrate this a little farther, we fhall exa- trom mr. 


_mine fome of the moft remarkable circumflances 


of the-returns of the Eclipfe which hapvened 
July 14,1748, about noon. | This Eclipfe, after 
traverfing the voids of fpace from the Creation, 
at laft begat 1 to enter the Terra Auftralis Incog> 
nila, about 88 years after the Conqueft, which 
was the laft of King Srrpusn’s reign; every 


Chaldean * period it bas crept. more northerly, 


but was ftill invifible in Britain before the year 
1622; when on the 30th of April it began to 
touch the fouth parts. of England about 2 in the 
afternoon: its central appearance rifing in the 
American South Seas, and traverfing Pers and 
the dmazons’ country, through the Allantic ocean 
into Africa,and fetting in the E¢hiopian conti- 
nent, not far from the beginning of the Red Sea. 
“ Its next vifible period was after three Chaldean 
revolutions in.1676, on the firft of Fune, rifing 
central in the Atlantic ocean, palling. us about 
g.in the morning, with four + Digits eclipfed on 
the under limb; and fetting in the gulf of Co- 
chinchina in the Eaft Indies. 


« It being now near the Solftice, this Kclipfe- 


was vifible the very next return in 1694, in the 

evening ; and in two periods more, which was 
in 1730, on the 4th of Fuly, was feen above half 
eclipfed juft after Sun-rife, and obferved both 


at Wittemberg in Germany, and Pekin in China, 


foon after w Hien it went off. 


« Jighteen years more afforded us the Eclipfe 


which fell on the 14th of Fuly, 1748. 


-“ The next vifible return will happen on Fuly 


2b 1766, in the evening, about four Digits 


 eclipfed ; and after two periods more, on Augu/t 


* ‘The above petiod of 18 years 11 days 7 hours 43 mi- 


~ ‘mutes 20 feconds, which was found out py the Chaldeans, and 
by them called Saros. 


+ A Digit is a tw elfth Bat of the diameter of the Sun, or 
. ico 


© 76th, 


G.SMITH’S 
Difiertation 
on Eclipfes, 
prini ved at 


Lon don, by 


EE, Cave, in 
the year 


1748. 


seh AOE TS EG Oyen 

16th; 1802, early in the morning, about five 
Digits, the center coming from the north frozen 
continent, by the capes of Norway, through 
Tertary; China, and Japan, to the Ladrone 
iflands, where it goes off. 
« Again, in 1820, Auguf 26, betwixt one and 
two, there will beanother great Eclipfe at London, 
about 10 Digits; but happening fo near the 
Fquinox, the center will leave every part of 
Britain to the Weft, and enter Germany at Emb- 
den, pafling by Venice, Naples, Grund Cairo, and 


- 


fet in the cult of Baffora near that city. 


«¢ Tt will be no more vifible till 1874, when five 


‘Digits will be obicured (the center being now 


about to leave the Earth) on September 28. In 
1$g2 the Sun will go down eclipfed at London, 


and again in 1928 the paflage of the center will 


be in the expanfion, though there will.be two 
Digits eclipted at London, Oétober the 31%t of 
that year; and about the year 2090 the whole 
Penumbra will be wore off; whence no more 
returns of this Eclipfe can happen till after a re- 
volution of ten thoufand years. 

« From thefe remarks on the entire revolution 
of this Eclipfe, we may gather that a thcufand 
years more or lefs (for there are fome irregula- 
rities that may protraét or lengthen this period 


100 years), complete the whole terrefirial Pheno-_ 


mena of any fingle Eclipfe: and fince 20 periods 
of 54 years each, and about 393 days, com- 
prehend the entire extent of their revolution, it 


is evident that the times of the returns will pats — 


through a circuit of one year and.ten months, 


every Chaldean period being ten or eleven days 
_Tater, and of the equable appearances about 32° 


er 33days. Thus, though this Ecliple happens 


about the middle of July, no other fubfequent 


Kclipfe of this period will return to the middle 
of the fame month again; but wear, conftantly 


each period 10 or 11 days forward ; and at lait 


appear 
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“ appear in Winter, but then it begins to ceafe 
© from affecting us. 
-- © Another conclufion from this revolution may 
© be drawn, that there will feldom be any more 
« than two great Eclipfes of the Sun in the interval 
« 6f this period, and thefe follow fometimes next 
“« return, and often at greater difances. ‘That of 
“ 1715 returned again in 1733 very great ; bat 
_© this prefent Eclipfe will not be great tl the 
“ arrival of 1820, which is a revolution of four 
« Chaldean periods: fo that the irregularities of 
“their circuits muft undergo new computations, 
‘< fo affign them exatily. ; : 
“ Nor do all Eclipfes come in at the fouth Pole: 
that depends altogether on the pofition of the 
« lunar nodes, which will bring in as many from 
« the expanfum one way as the other: and fuck 
 Eclipfes will wear more foutherly by degrees 
“ contrary fo what happens in the prefent cate. - 
« The Eclipfe, for example, of 1736, in Sep- 
« tember, had its center in the expan/ion, and fet 
« about the middle of its obfcurity in Brigain ; it 
« will wear in at the North Pole, and in the year 
« 9600, or thereabout, go off in the expanf/um on 
«« the fouth fide of the Earth. | : 
« The Eclipfes therefore which happened about 
« the Creation are little more than half way yet 
« of their ethereal Circuit; and will be ¢ooo years 
« before they enter the Earth any more. This 
«grand revolution feems to have been entirely: 
“< unkrown to the ancients, =. at ated 
322. Itis particularly to be noted, that Eclipfes why our 
_* which have happened many centuries ago, Volo ss as 
« not be found by our prefent Tables to agree ex: not agree 
« aéily with ancient obfervations, by reafon of the olan: 
<< great Anomalies in the lunar motions; which fervetioas 
« appears an inconteftable demonttration of the : 
« non-eternity of the Univerfe. For it feems con- 
« firmed by undeniable prooS, that the Moon now 
** finifhes her period in lefs. tine than formerly, 
rv war ‘and 


THALES'S 
. Ectipfe. 
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“ and will continue by the centripetal law. to ap- 
“* proach nearer and nearer the Farth, and to go 
‘© fooner and fooner round it: nor will the centri- 
*< fugal power be fufficient to compentate the dif- 


«. ferent eravitations of fuch an affemblage of bo- 


* dies as conftitute the folar fyftem, which would 
* come to ruin of itfelf, without fome new regula- 
* tion and adjufiment of their original motions *. 


Zeet Ae Weare credibly informed from the. tefi- 5 


« mony ofthe ancients, that there was a. total 
“* Eclipfe of the Sun predicted by-Tuates to hap- 
pen’ in oni fourth year of the 48th + Olympiad, 


arte either 


wn 
n 


* There are two ancient Eclipfes of the Moon, recorded by 
Ptolemy from Hipparchus, which afford an denial proof of 


the Moon’s acceleration. The firft-of thefe was obferved at Ba-: 


bylon, December the 22d, in the year before Curist 383: when 
the Moon began to be eclipfed about half an hour before the 
Sun rofe, and the Eclipfe was not over. before the Moon fet: 


but by moft of our Aftronomical Tables, the Moon was fet at. 
_ Babylon half an hour before the Eclipfe began ; in whiclt cale, 


there could have been no poffibility of oblerving it. “Fhe fe= 


‘ cond Eclipfe was obferved at Alevandria, September the 22d, the 


year before Curist 201 5 where the Moon rofe fo much 
eclipfed, that the Eclipfe mutt have begun about halfan hourbe- 
fore the rofe; whereas, by moft of our ee PE the beginning of 
this Eclipfe was not till about ten minutes after the Moon rofe 
at Alexandria. Had thefe: Eclipfes begun and ended while the 
Sun was below the Horizon, we might have imagined, that as 
the ancients had no certain way of meafuring time, they might 
have been fo far miftaken in the hours, tha Aes could not have 
laid any ‘firefS on the accounts given by them. But, as iu the 
firft Echipfe the Moon was fet, and confequently the Sun rifen, 
before it was over; and in the fecond Ecliple the Sun was fet 


— and the Moog not rifen, till fome time after it began: thefe are 


fuch circumftancesasthe oblervers could not poflibly be miftaken 
in. Mr. Struyk, in the following Catalogue, notwithfianding 
the exprefs. w ords of Piolemy, puts down thefe two Eclipfes 
as obferved at Aikens; where they might have been feen as 


above, without any acceleration of the Mosh’ s motion: Athens 
being zo degrees W att of Baby ee aap 7 degrees Weft of 


wtdcaanrte: : 

+ Hach Olympiad bean at, the’ time af Full. Moon next after 
the Summer Solttice, and Izfted four years, which were of un- 
equal lengths, becaule the time of Fall hat differs 11 days 
every year: i that they might fometimes begin on the ye 

day 


>... x = 
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‘ ether at Sardis or Miletus in Afa,where Tuares 
“then refided... That year correfponds to the 
“565th year before Chrift; when accordingly 


e 


“ there happened a very fignal Eclipfe of the Sun 
“on the 28th of AZay, anfwering to the: prefent 


“roth of that month*, central through North 
“ America, the fouth parts of France, Italy, &c. as 


“far as Athens, or the Ifles in the A eean Sea; 


which is the farthelt that eventhe Caroline Tables 


“ carry it; and confequently make it invifible to 


“any part of dfa, inthe total character ; though 


« 
= 


** | lave good reafons to believe.that it extended 


”* to Babylon, and went down central over that city. 


“We are not however to imagine, that it was fet 
| : eit “* before 


day after the Solftice, and at other times not till four weeks 


afterit. The fir Olympiad began in the year of the Julian Pe- 
“Fiod 3938, which was 776 years before the firft year of Curisr, 


01775 before the year of his birth ; and the laft Olympiad, which 


Was the 293d, began A. D. 393. At the expiration of each 
Olympiad, the Olympic Games were celebrated in the Elean 


- fields, near the river Alpheus in the Peloponnefius (now Morea) 


mm honour of Jurirer O.tympus. See Srraucrivs’s Breviariun 


 Chronologicum, p. 247—251. 


a 


* The reader may probably find it difficult to underfiand 
why Mr, Sire thould reckon this Hclipfe to have been in the 


4th year of the 48th Olympiad, as it was only in the end of the. 


third year: and alfo why the 28th of May, in the 585th year 


before Curis, fhould aniwer to the prefent 10th of that Month. 
“But we hope the following explanation will remove thefe difi- 
- culties. . 


- The Month of Muy (when the Sun was eclipfed) in the 


§35th year before the firit year of Curist, which wasa leap- 
year, fell inthe latter end of the thitd year of the 48th Olym- 


piad; andthe fourth year of that Olympiad began at the Sum-- 


mer Solftice following: but. perhaps Mr. Smrra begins the 


“year of the Olympiad trom ‘Fanuary, in order to make them 
correfpond more readily with Fulian Years; and fo reckons 


the month of May, when the Eclipfe happened, to be in the 


fourth year of that Olympiad. . 


_ The Place or Longitude of the Sun at that time was % 20° 
43°17”, to which fame place the Sun returned (after 2300 
years, viz.) A. D. 1716, on May 945 6™ after noon: fo 
that, with refpect_ to the Sun’s place, the oth of May, 1716, 
anfwers to the 28th of May in the 585th. year before-the firtt 
Yearef Cumsr; that is, the Sun had the fame Longitude on 
both thofe days, | 
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before it paffad Sardis and the Afi atic towns, 


where the predictor lived; becanfe an invifible — 


Eclipfe could have been of no fervice to demon- 
{trate his ability in Afironomical Sciences to his 
countrymen, as it could give no proof of its 
reality. 


924. * For a further iluttration, Tavevprnes | 
relates, that a folar Eclipfe happened on a Sum- 
mer’s day i in the afternoon, in the firft year of 
the Peloponnefian war, fo great that the Stars ap- 


peared. Ruoptrus was viétor in the Olympic — 


‘games the fourth year of the faid war, being alfo 


the fourth of the 87th Olympiad, on the 428th 4 


year before Curist. So that the Eclipfe muft_ 


have happened in the 431ft year before Curisr; — 


and by computation it appears, that on the 3d — 


of Augu/t there was a fignal Eclipfe which would — 
have paffled over Athens, central about 6 in the — 
evening, but which our prefent ‘Lables bring no — 
farther than the ancient Syrfes on the African ~ 


coaft, above 400 miles from Adhens; which 


fuffering in that cafe but g Digits, could by no — 
means. pa a oY the remarkable Haaser recited - 


by this hiftorian ; the center; therefore, feems to 


have pafied Athens about 6 in the evening, and 
probably might go down about Jerufalem, or 
‘near it, contrary to the conftruction of the pre- 


fent Tables. Ihave only obviated thefe things 


by way of caution to the prefent Afironomers, 
in recomputing ancient Eclipfes; and reier them 


to examine the Eclipfe of Nzczas, fo fatal to the 


Athenian fleet* ; that’ which’ overthew the Afa- 


cedonian Army " Sc.” So far Mr. Siva. 


925. Inany year, ‘the number of Eclipfes of both: » 


Lummaries cannot be lefs than two, nor more than 


feven; the moft ufual number is four, and it is — 
very rare to have more than fix. For the Sun 
patfes by both the Nodes but once a year, unlefs 


# Before Cunist 413; Au ugifé 27. ie Before CHnae 168, Fune Ys 
he- 
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he’ pafles by one of them inthe beginning of the 
“year; and if he does, he will pafs by the fame Node 
‘again a little before ‘the year is finithed , becaute 
as’ thefe points move 194 degrees’ backwards every 
year, the Sun will come to either of them 173 days. 


» . y vy - 
after the other, § 219... And when either Nodes 


within 17 degrees of the Sun at the time of New 


257 


Moon, the Sun willsbeveclipfed. At the fabfe- — . 


quent oppofition, the Moon will be echpfed in the: 
“other Node; and come round to the next'conjane-— 
tion again ere the former Node be 17 degrees patt 
the Sun, and will therefore eclipfe him again. 
When three eclipfes fall about either Node, ‘the 
Jike’number generally falls about tne oppofite ; as 
4he Sun comes to it-in.179 days afterwards; ane 
fix Lunatious contain but four days more. ‘Thus 
‘here niay be two Felipfes of the Sun and one of 
the Moon’about cach of her Nodes. But when the 
‘Moot chavges in either of the Nodes, fhe cannot 
he néar enough. the other Node at the next Full 
‘to ibe eclipfed and im fix lunar months after 
wards the will change near the other: Node: in- 
‘thefe cafes there can be but two Keclipies ina 
year, and they are both of the Summ 6 4) 

* 936: A longer period than the above mentioned, 
. 920, for com paring andexamining Ech pfes which 
happened at long intervals of time, 1s 557 years 2T 
‘days 18 hours 30 minutes 17 feconds, in which, 


“time there ate 6890 mean Lunations: ‘ap d the Suh 
‘aud Node meet again fo nearly.as to be but 11 fe- 


‘conds diftant; but. then it's not the fame Eclipfe 
‘Phat returns, as in the fhorter period above-men-_ 


~ 327. We. fhall fabjoin,a catalogue of Eclipfes 
recorded in hiiflory, from 721 years before Curie 


90-1700: and.of all the Kcliptes viible in Euro 


from Stkuyx’s Introduction fo Univer, fal Geography, 
guaray? © Bag ee é nay sitet 
ig 3 Sp aS 


whee ahi v ‘ a4 - ; 1 ant DRS I 2 ede ‘oe. - 
ato A: D.14353.0f computed Eclipfes from 148 5 


eal 


PT eo that indefatigable author has, with much labour, — 
tonne ‘Ca. ColleGted them from Ptolemy, Thucydides, Plutarch, 


ae Calvifius, Xenophon, Diodorus Siculus, Fujlin, Poly. 
ap CS. | 
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bius; Titus Livius, Cicero, Kaonarbat Theophanes, — 
Dion, Cafius, and many others. From 1485 to1 7909 : 
the Eclipfes: are taken from Lt7cciolus’s Abnagef > 
and from’ 1700 to 1800 from L’Art de véviter les 4, 
Dates. Thofe from Struyk have all the places mens 
tioned where they were obferved: ‘Thofe from the 
French authors, viz. the religious Benediétines of the — 
Congregation of St. Maur, are fitted to the Meri- 
~ dianof Paris: And concerning thofefrom Ricciolus, ‘ 
that author gives the following account : "i 
© Becaufe it is of great ufe for fixing the Cycles 
or Revolutions of Eclipfes, to have at hand, with~ 
out the trouble of calculation, a lift of fucealtwill 
Eclipfes for many years, computed by authors of 
Ephemerides, although from ‘Tables not perfect in 
all refpeéts, I fhall, for the benefit of Aftronomers, 
give a fummary collection of fuch. The authors L 
extract from are: an anonymous one who publifhed 
Ephemerides from 1484 to 1506 inelufive: Jacobus 
Pilaumen and Fo. Steflcrinus, to the Meridian of 
Ulm, from 1507t0 1534: Lucas Gauricus, to the La- 
titude of 45 degrees, from 1534 to 1551: Peter 
i pian, to the Meridian of Leyfing, from 1538 to 
578: Fo. Steflerus, to the Meridian of Tubing, 
fie om 1543 to 1554: Petrus Pitatus, tothe Meri- 
dian of Venice, from.1554 to 1550: Georgius Foa- 
chimus Rheticus, for the year 1551: Necholus Simus, 
to the Mer idian of Bologna, from 1552 to 1 568: 
M ichael Ma/ilin, to the Meridian of Tubing, from 
1557 to 1590: Fo. Stadius, to the Meridian of 
Antwerp, from 1554'to-1 574: Jo. Antoninus Magi- 
nus to the Meridian of Venice, from 1581 to 1630: 
David Origan, to the Meridian of Franckfort onthe 
Oder, from 1595 to 1664: Andrew Argol, to the 
Meridian of Rome, from 1630 to 1700: £1 rancifeus 
Montebrunus,to the Meridian of Bologna from 1461 
10 1660: Amon g meh Stadius, Meflin,and Ma- 


g' - 
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ginus, ufed the Prutenic Tables; Origan the Pruté- 
nic and Tychonic ; Montebrunus the Lanfbergian, 


-as likewife thofe of Durat. Almoft all the reft the 


Alphonfine. 7 SM Ah be 
But that the Places may readily be known for 


which thefe Eclipfes were computed, and from — 


what Tables, confult the following Lift, in which 
the year inclufive are alfo fet down: 
From-——To | 

1485 1506. The place and author unknown. 
1507 1553. Ulm in Suabia, from the Alphonfine, 
1554 1576. Antwerp, from the Prutenic. 

1577 1585. Lubing, from the Prutenic. 
1586 1594. Venice, from the Prutenic. 

1595 1600. Franckfort on the Oder, from the 

| Prutenic. | | 
1601, 1640. Franckfort on the Oder, from the 
T'ychonic. | | 
1641 1660. Bologna, from the Lan/fbergian. 
1661 1700. Rome, from the Tychonic. 


So far Riccro.us. 


N. B.,.The Eclipfes marked with an Afterifk are 
not in Riccioius’s Catalogue, but are fupplied 
from L’ Art de vérifier les Dates. 


From the beginning of the Catalogue to.» D,,, 


1 700, the. time is reckoned from the noon of the 
day mentioned to the noon of the following day: 
but from 1700 to 18¢o0 the time is fet Gown ac- 


cording to ourcommon way of reckoning. Thofe 
marked Pekin and Canton are Kclipfes from the 


Chinefe chronology according to StruyK; ‘and 
throughout the Table this mark % fignifies Sun, 
- and » Moon. | ; 
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Aug. 
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Eclipfes of the Sun 
and Moon teen at 


Rome 4h -)' 2 


Compoftello -'. 


Compoftello  - 
Compoftello  - 


Chaves- - ~ 


Compofttello - 
Chaves = - = 
Conftantinople 
Conftantinople 
Coniiantinople 
Conftantinople 
England - - 
London *) -. - 
Fours: 2) <4 
Paris - 
Paris » "3 \ -) 1 
Paris’. “<8 < ie 
Conftantinople 
Paris: O50" 3 34 
Conttantinople 
Parigg.” 4 2004 
Paris - - - 
[Paris so -4/ os 
Conttantinople 
Contftantinople 
Confiantinople 
England = + 
| England - - 
Iingland ~~ « 
Engiand -. « 
England - - 
| England - 

London. - - 
England- - 

Londen - = - 
Rome “#4 =" = 
London: \ ne 
Conftantinople 
Conitantinople 
Rome. <r. 9. 
Angoulefme - 
Parigse) > 
Paris - 
Paris tayo 
Paris) 0s). i» 
Paris. = 


M. & D. Middle 
~ Nov 10} 20 33 
- Dec. 23} oO 46. 
- April 1} 16 34 
- Sept. 26] 6 30 
- May+ 271+ 295° 16 
2 March’ 1] 13° 2 
il July 19} 39 L. 
- Jan. 13} 19 53 
- May ig] 1. 10 

April 18} 6 5 
- June 28}23° & 
- Feb. 14] 19 — 
- June, 19}.20 35 
~ Dec.) 104 19 (28 
- April 4} 13° 33 
- mepte Ay} 129) a 
- OG 384 65, 30 
- | 24 | March 18] 22 . 6 
--[ gg | Aug. 121 3 3 
- | yp | Feb. 1} 11 28 
- | 3%) Nov 5| 0 30 
-| yp |June 17] 12. go 
- | y | April 16/11 30 
~ | -g | Oct. 44 23°54 
-}+ y | Jan 133/ 7 — 
= es June. =~ sd aoa 
a acs Aug. 13, 20 — 
ba yt Janes” 234 142 ae 
“1 iy loulys:  Q04 518 dye 
- i June 8{/ 22 — 
“aay Jan. 231 13° — 
- | oy, | Aug, 15] 4 — 
24 Py [Auge 304 4.5550) 
- | gs June | 4} at noon. 
¢ dy Vee aioe ag, 
-} 5 Nov. 22] 14 937 
ney Nov. I~) 14 Se 
~ 1 Sept. -14 | 20. 48 
- D March 27,)'°16 > 29 
“ )- dane. 2s diene 
ae ‘Feb! . .20q 21 2% 
al bi Feb. “254 13-43) F 
RAH ge anc 21} 10 20 
ee uly. 15] 21 
- ies, 254-8 
reaite te YD { June 20 8 am 


Digits 
eclipted. 
10 30 

1 ; Cig 
19 52 
oF .“2 
18 53 
22 yds 
19.15 
10 Oo 
Sims 
a7 459 
1 50 
8 23 
Gaile: 
6 46 
6 42 
Total 
9 25 
10° Oo 
12°20 
Total 
9. 63 
Total 
Total 
11 54 
Total 
Total 
ll 1 
Total 
Total 
10 35 
Total 
8 15 
10 40 
eS 
Total 
11. 58 
Total 
9 47 
‘Fotal | 
10 17 
Total 
Total 
8 i<ix8 
Total 
Total 
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| | After’| Eclipfes of the Sun M.&D | Middle | Digits 
| Chrift. and Moon {cen at. / * | He M. Jeclipfed. 
| Si0 |. Paris - = + - ~'| 4 | Nov. 30°] ~o1 2a]! Total. 
| S10 | Paris - -°- -]| D Dec. 14 § cso Total 
} 812 Confiantinople ~~ | #| May 14] 2 13) 9 = 4 
H 6813 pap pare » ee E May gel ry "gee lor. Ss). 
f 817 | Paris ‘ . wyply Feb. °'s>) +5 caer Dota 
Bon S"} Parks, Set \ fa 4 wt Jaly. = @ | 28 oss) P 6085 
S30! Patis, eo -- L- -itey MANOv, -29>] 6126 Total 
| 824 Parts *- -" - yp | March i8-] 7 55 | Total 
958 |! Paris. 2 -*- 21 y [Jane g04 15952 f Totals: 
PAN UME oa NE mk laa y | Dec. 24 | 13° 45 | Total 
cost) yas = j-3 = Sy | April go | 6.19} 12 8 
Domes Paris | i 8 =) eee May .15 | 23--- | 4 24 
fei) Paris ST = ey O& 24 | 11 18 | Total 
G59) Patis 5 95- e y E Apml. 18 4e gusro Total 
S400) Paras’. 54i F-Pt - RO pag May © 4¢| 93) 0a 9 20 | 
841°} Paris -  - '- = [ete |) ORS Crp fp a8) 58 5 24 | 
842 | Paris “- - °- =| yp |, Marchag | 14° 38) otal 
843 | Paris + - - =} py | Marchig| 7 1 Total 
$61') Paris “S 2-9) 22 y ff Marchrages age -y Total 
ges!) Paris 8.26 -aefp FOR. age peo, Total 
878 | Paris we a Ey POR. cage | Mah eae 
883 Atada- aS a se a Ok ty alka 2g Wontar ache ny Oe 
889 | Conftantinople 2% April.a-/ a7 os arfiton“ssg 
891 | Conftantinuple ' - | | Aug. 7 | 23 48} 10 30 
go1'| Arrada- - 9 - =} yp} Aug. 2) 15° 7 Total. 
go4 } London - - =| y | May 31] 11 47 Total 
go4 | London’ - = #; py | Nov. 25] 9 0 Total 
912°| London - -. =} py {Jam © 6 | 15 12 | Total 
926 | Paris - - - =|" p | Marchgi-| 15 17} Total 
934.| Paris - - '- - 1} ¢y} April 16 | 4 g0 [11 36 
939 | Paris + - - -|-#y.[ July 18) 19 45 f 10 7 
655.| Paris - - - -| p | Sept. 4] 11) 187 Total 
961 | Rhemes' - - =| 2% | May 16] 20 13] 9 18 
|| g70°| Conftantinople’ -:| #%| May 7 | 18 38] 11 22 
{14976 | London - -..-} py} July 139 ]}315 7 Total 
“TT 985 | Meflima - - -| gy | July 20]: g- 52} 4 16 
989 | Confiantinople -| 2% | May 28] 6 54 8 40 
990 | Fulda - - - =| py} April 12} 10 22) 9 5 
ggo | Fulda ~ - - - | y } Ot. Ge per ges a 16 
990°} Conftantinople = | 3% | O&. ar} a M45 fp AOS 
995 | Augfburgh- - +] jy |}. a uly 14] 11 27 | Total 
1009 | Ferrara - - -| yp O&, 6 [11 38 |. Total 
aoio | Meflina - - =} y -Marchi8| 5 41] 9 12 
1016 | Nimeguen- - - | gy} Nov. 16 16 39 | Total 
1017 | Nimeguen- - - | ¢% Qe FP ae [OLB 6 
1020 | Cologne ~ - -| p {Sept 4] 12 38 Total 
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After} Eclipfes. of the Sun ‘Digits 
Chifiti.)) and Moen feen at: | eciipied. 


. 1023 | Londons-— s00- .- | 3 pJan. 293.) 23° 294} 12, — 
10g0 | Rome-\- -) .- -|') | Feb. ‘20. 11 43} Total 

1031] Papig Wor. [sages gold WaPeb, 2: Oh ta eigah Total: 

be 1033 (Baris ey jee raft D pec. 1 8 pe, v7 
; 1034 Milan o- i-5.- = »)) June . 4. 9 8 |. iy otal 

1037(| Davis v= jst) -' on) SP Apr. .17) 20 4541 107 45 

1039 1 Auxerre rece ASE | Abe, 21) 023 Ag 1h peg 

1042 | Rame -veo lesee geo f D | Jan. ' 28.) 16 g9./F Total 

Logg Auxerre ioe ith Db Now 627 18 Cae ey oa 

toga Olay. cade yg ces lle Now. 9081.) 922 12g. 4a pops 

1056 |; Nuremburg 9 - o2./) ) [April 2.) 12 . 9 Total 

Th 20063.) Rome. ee eity eofi D yeNow *.: 84 12° A64  Tetal 

” 1074 | Aughungh -..- + )>3 | O& 7.) 10 13} Total 

: 1080 Conttantinople - red D Nov, 20.) 11° wat” 9436 
1082;| Londonpe- ‘=: - s)}) Df May 14.) do. 32:}°T0.,. 42 

1086.| Conitantinople,- - | 3% | Feh. .16.| 4. ./2 | Total: 

1089 | Naples .< -. -/o- |.) | June. .25-} 6° 64} Total 

‘ 1093 | Aughurgh =) 9 .-..| °S | Sept. .22.}.22 .95 1 to. 12 

1096 Y Gemblours epced sof D p Feb. S10.}-16 Geet’ Topal oe 

1096 || Aughurgn (=3 =) /0.) | Aug. . 6.) .8 :a1)) Total 

1098 ;|) Augtbungh f-yc-) Ose oD . 225 1 25) SOM RES 

2009 1) Naples.y-: l-ee-- ylah Dp Nor. 290.) ° 4358 Total 

2x03 q) Rome <s-j-¢ - ladh DatSept. agubaboniaayp 1 Total 

epoGok Briard: cg jae = antes D dyduly * az idle ee) 111 ng4. 

p 1Lo7 i} Naples pq fed -o rah Df Jan. 120.) 19 46H. 'Totai 

1100 Erfard SORTA 38 } May nae } 30 % #6 20 

140) Lendony-s)=_o-) .-dA) f May.) 5.1 1d68lha.} Dotal 
: 1429 | Jerufalem: |-(y -) 7] 1% | March.18_| 19..).0 | go ;12 
| 1924 || Londong;*!-pe-gisenlh ) yy Aug. .17-)45 “aiep) Total 
ypazile Triers’ a -ar- {ed }oydune 615.1 19° 26 Total 

razed Triets: of |-ay- sikh} deDec. 0.) 19 ahah Total 

1110 4 Naples pz -'-g -> nbg Dt Npx. 20] 15 eG} (Asya 

Rigi) Trjers.edt-as-< qh. fabept. 127.) Teyehey “y fetal 

1192 | Pragueys -- - -]) ) } March 24 bap 2o."} 3hirgn 

: f1a47) Ertord) 2. i-ny-~ che Por Feb. eae) (Giaheail 28eeg0 
| aye4.| London -9)-.-) =) 4 ix J Aug. 210.) 294 :2« 0% &S 
Pages| Brawd o- --)0- ped Pb March 43,4484") ‘Total 

2133.| Prague --.-{/< ) ) } Feb. -20.] 16,41] 3,23 

| 24355) London.-- -) - =|) ) ) Dec. .22.} 20 42°] Total 

‘ 14 20k Home ges heya Sob hae Rebs “aay 1A) 497 8 30 

age tT) Rome geo) -py- odd.) FP Feb. - 6 Tass 30 Total 
Ta47',|\Auvanches* =) - =) 78 | OG. 95) 29 38) 7 20 

P1496 Bary - f= ae stod D a Marcha5_h 1ga/b4lt 50729 

: Pha Th eid Or? Oe i) I Aug. 28. 12 4 4.7) 29 

LLB Be Augfoaurgh swe Sy A 25 | Jan. 26. Hu Quy.gad Ile ger 

ALS i agis i ad lie Ge 7 D ‘June 230) |. 1669 diy} Teta 
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| Eclipfes of the Sup M. & D, | Middle |. Digits” 
b and Moon feen at H, My, | eclipied, 


Pea Pie eS Ey ee a eee 
1155,| Auranches - - >| ) | June 16 8 45 
oy 1100, Rome  -  -)- = |) | Aug, 28 47 ss 
faibi, |} Rome (= - ep bAng. 97) 8°11 
+H 1162 | Erfurd - -  -. > Pomereb, 27 6 40 
Gy 1162 | Eriurd<- = -, +-)- Di July 27 ¢ 22" go 
1163 '} Mont Cafin + -) #¢ieJuly 3) 7 40 
1164.) Milan *- |-*.-) °- |; ) yume 1Oce ru 
1168 | London +. - “> “-,|,/) | Sept. 18 ) 14° 0 
1172, },Coldgne- -" + =} DV Jan. 11 | 13° 31 
9176 | Avranches’-"- “| ) April’ 85 } 7°" 2 
m2176-\) Auranches - - =|) | Otts (1g P1120 
+1178 ‘Cologne + -"- = > | March’ 5 + Letting . 
pH 1178:| Auranches ~ - - | ) | Aug. 29/13 52 
oe 11784 Cologne ---""- - | 2% | Sept. 12 pa 
P1179 | Cologne -.-. '- “=|, D:| Aug. 187| 14° °98 
eH) 4180 | Auranches --- + | #8) Jan. S84" "a4¢ 
1781.|. Aurancbes - - “- | g% | July 13°} 3° 15 
1181 | Auranches = “- “+ y Peer, FHo° 1 TR TSS 
£785 |, Hhemes.=- =. - = [se May a7) 4a 63" 
1286-4 Cologne, 9-. =. - | ey k April 5 6 Oe 
1156] Branckfort. ‘°- - | 3% | April *20°p 7. 119 
1187 | Paris- - 0 "~ “=| py |. Mareh'a57) 16° 17, 
1787} iingland .- - = |. #% 1 
) 1189.) kngland - 


1191 | England” | 
1192 | France - - - - 
1193.| France *- ,- -- - 
1194 |. London = '-\°- = 
1300 | London . 
i201 | London 
1204.| England - - - 
| 1204 | Saltzbar 
1207 | Rhemes -_ 
1208 | Rhemes- - - - 
1211 | Vienna - - - = 
1215 | Cologne 
UIOACTe- 2 - i = les 
Mma LACE - .- 4.) oa = 
1218 | Damiétta -.-. - 
11222 |;Reme _- - - = 
1223 | Colmar’ - -:-- = 


Mor, TOL se 

Avpril: 4a) (2%. 9s 
Jan. ae Aan ig Rd 
Fae. 7 FR 

April §15>| 12 39 
Ohets, | ROR AL TAO 
Feb. 27] 10'.'50". 
RED: fay 18 2a! Sao) 
Nov, ©21-1°13" 557 
March 16 |} 15° 35 
Feb. 18) Serr 


Teed 
- Total 


we 
3 
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1928) Naples - - - -|.#%| Dec. 97 G- 35 9 19 
“1230 | Naples .- - 9 - - |. ey} May | 13°/-17 ‘Tota! 
} £290.) iondom-jv- - o~ 


Rhemes 


4 4 
! i t i 
i ’ oe | 
, oe) 1 “ 
‘ yh we, 
ee vuuviftur tw? 


Sept,“ ga" ar Ad. 
Feo. 5 Vos 1G 

% | June. 23/0 90. 
ANOW. 120), TAT gee 
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: After | Eclipfes of the Sun |) Middle | Digits 

Chrift. an: cen feen at MB Bs Fie tt echip tea: 

1245 i Rhemes eo Loses | Sly aah ae Pg OP 
1248 | London '- -.- 75) ,D)1,dune <7 be 8 gg | Fotal 

, 1255 | London - - - €| ) | July 20} 9 47] Total 
1255 | Confiantinople- - | 2%) Dec. 30] 2 52 [. Annual iW 

f 1258 | Aughurgh - - - May 18}11 17] Total 

F 1261 | Vienna = - -. -| | March 31 }-22 40, 9 8 
/1262 | Vienna - - - -| p | March 7} 5 50] Total 
1262 | Vienna - - -- =| p | Aug. 30 | 14. .g0 | - Total 
13969 |) Vienna 4 - - =~ |) pi [ Feb. - 2 Gee BBs 2g 
"1263 ; Augfurgh - - =| #%) Aug. 5 | 3 (2 " 17 
4262 | Vienna - - =- = y | Aug.. 20 ye by 
1265 | Vienna =) - -.-!| Df} Dec. 02 | 16. 25 Total i 
2267, | Conftantinople- - |. 2% | May 24 | 23 41111 40 ff 
270 | Vienna - - - - | #8) Marchz2 | 18 47 [Yo 404 
F1o7o ds Viemae ~ lac Oa OD Ane. 70 7 Ah aca ea) 
| 1274 | Vienna - - « -|;p |} Jan. 931 10 39 f> 9. 25 4 
4275 1 Uanbeini- << “at ey p Deco 44 orgo ead 

| 1276 | Vienna - - - -| yp} Nev, 22115 —{ Total 

| 1277 | Vienna ~ +. - -| py} May <18 Total | 
1279 | Franckfort = --- | #1 April 12 6°55 f|.10 6 ff 
1280 | Hondon- - = =| py [-Marchi7 |.12 12 | Total. } 
1284 | Reggio - - - -]|, p | De $3 | Ab TL eb = Dye 
1290 | Wittemburg - - | #1} Sept. 5 | 19 37 | 10 30 | 
f¥2gt | London - -. - 4° 3 | Feb. 14 | 10 °7@ & Total. 
1302 | Conftantinople- -.| y | Jaa. 14 | 10 25°) Total | 

B:.3907.] Ferrara.- =. + @ jogh bh Aprit 2 | 22° one’ Pio GAS 

/ 1309 | London.- -  - -| yj Feb. 24117 44] Total 
1geg°) Lacca’ --- = + 5-1) 9 fF Augr 21 f10, 939 |. Total 

| 1gro. | Wittemburg -  -.|- 2% f Jane 31 f° 2° 21) do” Jo | 

f ¥310 \" Torcello, -).- -si/ pf Feb. (24 4° 3 Lalo Sq 

B-13to} Torcello°.-. +=. - 1 y-{ Aug. 10 1:15. 33.} 9 16 

! 1312} Wittemburg. - - | ge| July 4119 49 |) 3 23 4] 

2312 | Plaifance .-..- - 10.) | Bec. 14 | °7. 19 | Total | 
1313 |,Torcello - ~ = - |. 9) Dee g{ 8 58 ])..9/ 84. 
F236.) Madend = = = bs pf Oe O98 [a4 6a, Dotat 
1327 | .Wittemiburg --'-.| #% | June 95 }18 “4 | Wi 149 
1323 | Florence -. - -| py | May 20115 24} Total 
132 Horence 7 F<... = y May 9 Ovens Total 
1324| Wittemburg --.- } 27 April 23} 6 35] 8 8 

7 1897 4 Cor iftantinople - =p, pf Aug. 91 [18° 26 | Total 
1328 | .Contta antinople -t= ley T Feb. os Were 047 |, ae Se 

} 1330 Florence -..- = y | June: 9059715710 | - 7 ag 
1330 | Conftantinople - “- | #¢| July 16 | 4 - 5} 10 43 

| 1330) Prague. \-.)- = le yt Dec.” 95 | a5: 40. b> Totak 

| 1331 | Prague - + = - | 3%] Nov. 29 | 20. 26.) 7 41 
1331 | Prague - » - -| yt Dec. 14} 18 — J] 11 >= HI. 
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| After | Eclipfes of the Sun 
j Chrift.|) and Moon feen at 


1333 
1334 
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1344 
1349 
1354 


1356" 


1 1361 
1367 
1389 
1396 
1396 
1399 
1406 
1406 
1408 
1409 


|} 1410 


1415 
1419 


1421, 


1422 
1424 
1431 
1433 
1438 
1442 
1448 
1450 
1457 
1460 
1460 
1460 
1461 
1461 
1462 
1462 
1464 
1455 
1465 
1469 
1485 
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W ittemburg 


'Cefena - 


Contiantinople - 
Conftantinople - 
Conttantinople - 
Alexandria’ - 
Wittemburg 
Wittemburg 


Florence ~ 
Conttantinople 


Sienna - 
Euzibio - 


Augtburgh - 


Augtbu rgh - 


Fozrli- - 


Confiantinople 
Conttantinople 


Forli- - 


Conftantinople - 


Vienna - 


Wittemburg 
Franckfort - 


Forli~ - 
Forli  “- 


= 


Wittemburg 


Forli.’ + 


Wittemburg 
W ittemburg 


Rome -- 


Tubing - 


-Vienna - 
Auftria. - 
Aufiria - 
Vienna - 


Vienna - 


Rome - 
Viterbo -. 
Viterbo - 


| Padua - 


Rome. - 
Rome - 
Rome - 


Nurimburg - 


. Conftantinople 2 \ 
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oe 
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M.& D. 
May 14 
April 19 
Nov. 23 
Dec. 8 
May 20 
oa. 6 
June 30 
‘Sept. 16 
Feb. 16 
May 4 
Jan’ * 16 
Nov +: .3 
Jan a4 
June 21 
OG. 29 
June 1 
June: 1% 
O&. 18 
April 15 
March zo 
June 6 
March 25 
Feber 17 
Feb, 6 
June 26 
Feb, 12 
June 17 
Sept. 18 
sei 14 
aug, 28 
July 24 
sept; (33 
July 3 
July 17 
Decs. 27 
June 922 
Dee, . 17 
June 11 
Noy, 21 
April 21 
Sept. 20 
O€. 4 
Jan. 27) 
March 16 - 


Middle 


H. 


2 O9 O Ow Nos oo 


i) 
ms Ww Oo Out 


to 


= 


oe | 
m CONST 


M. 


eae WAY ke 
33 | ‘Fotal 
29 | Total 
15 6" 130 
a7 | Total 
fo |" 8" 65 
20 Total 
45 | 8 43 
43 | ‘Lotal 
15 S54 
27 | Total 
5 | Total 
16 6 22 
340 | Total 
43 Oi et 
— }|10 981 
14) 11.738 
47 Q 32 
1{ 10 48 
13; Total 
43 | Total 
5 1 45 
2 Total 
26 |} 11 7 
57 | 11.20 
4 P3359 
ae Total 
59} 8 
59 | Total 
Pu Wane 
i9 | Total 
rrp Total 
2S lilies yar 2) 
32 | 41 19 
30° Total 
50 Total 
Total 
mors EO 38 
10 2 6 | 
43 Total | 
PRS aes 
12 Total. 
9 Total. 
sic Rl ean 


except thofe marked with an Afterifk, which are from L’drt de 
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sibcauindie RICTCEO L WSAgoinsiie 
CATALOGU Eof ECLIPSES,: a 
e Aft. M.&D Middle} Digits A | Mo & “D: ‘Midate Digits: 
PChn iy (or % 2 A. Mi feclipiede Penk 1 |H: Mz echpted, | 
he Per SR, PNT ae AUN, Dk oS no "FN Miia - - 
; oT DiFeb. 18] 5 4a} Total’ | 4508 2) May Pv ee gar | | 
$2486) 3% March, 5117 48] 9.0 5081 )iJune, 12/47 40! Fotal 
1487| DiFeb. (9/15: 49) ‘Total 509 > [June OOS es Ui pie | 
br4S7 ict Jely) (aol. | 6) 7. 46 SOgiaF NOV. .04)22 + ER 
$2488) Pidan.) 98) 6 ah *.4,, 1510 3 oe. 16}19 -+|.* 
1488 Saly, 8laz g0leasice Pasgtil dD Oa. 6,11 50) Total 
Hi489| p(Dec. © 7 uy 44). Total)’ | 1512] DiSept. 25] 3) 56] Total® 
f1490/¢4/May 19) Noon | * 151522 March, 7].0 30, 6, 6 
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1672! ) | Mar. 13] 3 17; ———-, 1688) 3%/OG. 25)19 40 : 
1672) #4| Aug. 22} 6 43/——-—/|1689] » |April 4| 7 42! Total 
1672) pjSept. 6118 54/———~.-/}1689] p |Sept. 28/15 46] Total 
1673/%%| Feb. 6/ 7 29/——-—||16090/s4, Mar. 10 ’ 
+ 11673 | Aug: 11}/21 44|-—-~-—-|| 1690] ) Mar, OAIt4 -- 14) 5 43 
1674) ) Jan. 21/18 22/11 27] 1690) se Wie Dik reunnes. 
16741 #4! Feb, 51 9 . 4 1690 die gop he 18)°2 .42 


16921.) 
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Riccrotus’s Catalogue of ECLIPSES—continued. 

LAr. _ 7) [Middle] Digits | Aft. _ p{Midale| Digity 

iChr. ied, H; M. ‘eclipted. | Chr. beck Ait, M. eclipfed. 


er ey eg ( cemerve eee ne nnenes (es PLS PTE ES =) |-- 


— 


calculated : the following from 1) 4rt de vér ifter les Dates are only thof 


which are vifible in Ewrope for the prefent century : 


i} 1701 
1703 
1703 
1703 
1704 
§ 1706 
1706 
1706 
hate Oe 
|- 1708 
1708 
1708 
1709 
1710 
1710 
21731 
1711 
1712 
1733 


; Be ; 
; j 
: : pn ae : 


After 
} Chritt. 


BELG 


wuevubgubeiivueubveuvvyvy | 


f1693/ piJan. 21/17 25] Total 1696 %4 Nov. -23]17 32 
1 1693| ) |June 17| Noon i} -1697)%% ;April 2014 32/— 
(1694) ) |Jam. 11] Noon 1697 ) i|May ©5118. 97| a 
| 2004 si June 22| 4 22} 6 22/1697| p10. 29] 8 44 84 | 
f1694| piJuly © 6/13 51} o 47/1698 iS: April 10} g 13;——— 
P1695 /3%|May 11/6 3 1698 & Od. + 9} 15 a9 
'1695| ) |May ~~ 28| Noon 15|-8 14] Oa 
‘1695; ) |Nov. “20; 8 0] 6 55|)1600/#%/Mar. 30/22 o/— 
F1695|2%,;Dec. 5417 1699] p Sept. ey oe ve 
'1696| p|May 16)12 45 Total | 1699] #%|Sept. 23/22 381) g 
| 1696 | 2% May golr2 56 1700| ) |Mar. 4}20 11 
~ $1696] » elie 17 30 Total 1700] p Aira 29} 1 42 
The Balotes ae naire were obferved ; thofe from Riccio 


| thofe which ar 
dena are marked witha 7T'; and y Pease Morning, A Afternoon. 


Vifible ECLIPSES from bat to 1800. 


Dec. 


- Months 
and 
Days. 

Feb. - 22 
Jandn hig 
June 29 
Dee. 23 
Dect erry 
April: 28 
May 12 
Oc. 21 
April 17 
April’ 45 
Decl sia 
Sept)! 29 
Mar 11 
Beeb?" "19 
'Febsa? 3s 
July 415 
July © 29 
Tos 23 
June 8 
z 


Time of 
the Day 


or thos | 


= 


PONBAOK DO OD 


wsteO wayne es 


Chritt 
ris |g 
1715 |) 
iy We 
E7A7 1D 
fH a718 Fp 
1719 | D 
Lv P2a LD 
2792 1') 
| 1722 |e 
| BAe 2s oy 
1724. | 
1724 | jy 
1725:| D 
1720 | i 
1726 | jp 
1727 | 3% 
1729 | ) 
1729 | } 
173° | D 
1731 | yj 


Months 
and 
Days. 
May 3 
Nov. 11 
Mar. 9% 
May 20 
Ne RE ow 
Aug, 29 
Jan. 13- 
June 2 
Dec. -.8 
Dec. 22 
May 22 
Novia) 44 
Ot. 4 
Sept. 25 
a 
| Demts 15. 
’ Feb; ye et 
Aug. 9 
Peles ue 
June 920 


‘Time ofl 
the Day 
or “ ¥ 


9M 
us MM. ‘ 
3 MY 
6, Aa ae 
8, AL qT. 
! 9 Aj ia 
3 Ala 
3 Mies 
43 Ata 
4 AS 
7 Ava 
4. Vie 
Ry es 
_6-Aa 
5 M. 
7. Mies 
6. Afi 
LAN 
; ANE 
2M. 


V Pod 


Bese a RMR De) i 


Vifible ECLIPSES from 1700.to 1800—coniinued. 


/ 


Months Time of ARGy ' Menths Vime of 
and the Day ‘a * and the Day, 
Days. or Night. ti Days. or Night. 

7 poe sii ci ae | cesen ——— 

2i)} Dec. “1 | 10 A: T. ) 1764 | Aprif © 1 [10 M, 

eel (May 13%) /7 AL og 1764 | | April 16.4) 1M 

31D} May 28} 7 A. 1765, | £3 Mar: 21). 91. 

0 Gh ae a ae wind Bk ipo 2 Ie 4705, (23) ‘Aug. 10.7 1 aA. 

Dd} Mar. 26°} 12 A; T. | 17661 )] Feb. a4 | 7 A. 

D| Sept. go | 3 Mi 7.) 1766 |e) Aug. 5] 7 A. 

#3) Oct. 9 4°]) 6 AD isi 1768.) | Jan. ood | 5M: 

| Mars 1 | 4 A: 1768 |p| June 30} 4M. T. 

P| Sept. go | 4M. 17689 ey Deey sot! 4c A gk, 

| Aug. 15 {11 M 1769 || June. 4] 8 M. 

Diesen gallons ek 1769}. ) {*Dec.. 19 pape 

ry ae. a 1770 {#4} Nov. 17 )°10 M, 

*%! Dec. 30 g M. 1771 ‘ D | April 28) 2 M; 

Pian ese p tle Lo are to ppt POR by i ei Bv ian he 

D| Jan: 1:} 12 A. Lary Pas 21 ‘se el 

Dp! Nov. 2} 3 M. T./| 1772 |#%) O& 26] 10 M. ’ 

D| Atg. 26} 9 A 1773 |#%| Mar. 23 | 5 M. 

D} Aug. go | 12 “Azy 4 177g.) pi Sept. 30/407. A. 
1p] Feb. 14 ]° 5 M. T. | 1774 [| Mar, 12] 10 M. 

| July 25 | 11 M. 1776 | )| July 31 1M. T 

D} Aug. 8:4 22-4. 1776 |3%| Aug, 14 |. 5, M. 

p| Dec. 23 8A. 1777 (#4) Jan: 9 5 A. 

| Jane-.-8-|--9-M. 1778 |2%| June 24 |> 4 A.” 

>| June. 19 | 9 A. T.| 1778 | p| Dec. 4) 6 Me. 

pee. 19-1 7 aM 1779 |.)| May 30] 5 M. 7 

y| June gy |’ 2M 1779 || Jone 14] 8 M: 

DP Dee. 2 | oA. 1779 |p| Nov. 2: 8 A. 

2 || May 13) 8 A 1780 |#! Oct, 97 1 6 A. 

53 1p| April 17 | 7 A 1780 | p-; Nov. 12} 4M, 
#3| O. . 26 | 10 M 1781 |#%| April 23°] 6 A. - 
>} Mar... 28 | 1M 1782 |e; Od. 171 8 M, 
y| Feb 41 5 M- 4792 \'p.| April. a2 |.i7 A. 
p| July go | 12 A. Ty A Oe M0 

58 |p|Jan. 24 | 7 M. Zi 1783 | pt Sept. 10111 ALT. 

58 || Dee. go] 7 M. SN a AL a a a a ee Ph 
59 |#%| June 24 | 7 A. 1755 |x4| Feb. ‘9. wis. 

a Desi ato), 2 Aaa a7 eee Jago 9.1.12, Ace: 
p| May 29] 9A. | 1787 |2%| Jan. 194.10 M. ; 
v4| June’13 | 7 Mi» | 1787 |x) June 115 | 5 A. 
p| Nov. 22} 9 A. VR yt Wee had ho eK, 
p| May 18 | 12 A. TZ.) 1788 [exi June 4] 9 M. 

521) ee May® «8 4. Mi > | 1789 } py Nov. )- 9419: AD >. 
762 {ee} Ob 27 8 MM. 1790 | ia 28 | 12 A. T. 
762. } jy fo Nove. 8 Al 1790 23 1 M. Th 

63 {| April ig { 8 M. 1791 >|, a “it A i 

sso roe a a en catenin nae eae eens pone ee eet ma eae eae eee Setar rmeacrona 


ee 


Ra fon 
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Vifible ECLIPSES from 1700 to 1800—¢ontinucd. 


~1<"l Months Time of Months. || Timeof 4m 
After | » After |. | 
Chrift and - | the Day {f Ghyig, and the Day, | 
Days _or Night. | Days. or Night. 


— ee 


POs DP Oct. 929 3 M. 1795 


D1 Feb. 4. 1M. 

1792 |#%| Sept. 16] 11 M. 1795 |t*| July 16] o M. 

1793 |D} Feb. 25 | 10 A. | 1795 |D| July 31]. 8 A. 

1793 || Sept. 5 | 3A. . |] 1707 [8s June 25 |} 8 A. 
4794 |#%| Jan. “914 4 A. 2797..\).) Dec. ad) 6 MiG 
117904.) p{ Feb. ag at (A. 7. a7") Db) May sag.) 9 AT. ae 

Dy OG. Coed aA, 


1794 {#%| Aug. “95 | 5 A. 1800 


I 328. A List of ECLIPSES, and hiftorical Events, which | 
| happened about the fame Times, from Riccrous. 


DROSS STS a BS 


HISTORICAL | 


~« Ecuipses. | ’ Events. 


s 
* 


| Before Cunrist. 


ff 54 years - -| July 5- - But according to an old Calendar, 
Soe this Eclipfe of the Sun was on the 21ft 
of April, on which day the founda- 
‘1 tions of Rome were laid; if we may 
| : believe Taruntius Firmanus. No 
W721- = + -| Marchig - | A Total Eclipfe of the Moon. The 
HW Afyrian Umpire at an-end ; the Babdy- 
@ lonian eftablifhed. | 
HW .585- - ~-+| May 28 « An Eclipfe of the Sun foretold by 
Tuates, by which a peace was brought 
| about between the Medes and Lydians, 
523° - - -| July 6 - - |. AnEclipfe of the Moon, which was 
1 ee followed by the death of CamBysss, 
fh 502- - + -| Nov, 19 - An Eclipfe of the Moon, which was |} 
bi | followed by the flaughter of the Sa- 
bines, and Death of Valerius Publicola. 
An Eclipfe of the San. The Perfian 
war, and the falling-off of the Perfans | 
from the Egyptians. 


463 ~ - + - | April go 
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AISTORI CAL 


Ecuipesis. Events. 


efore CunristT. 


gi years - -| Aprila5 -| An Eclipfe of the Moon, which was 
. followed by a great famine at Rome; and | 
| the beginning of the Peloponnefian war. 

431- - - -j| Auguftg -| A total Eclipfe of the Sun. A Comet 

_{and Plague at Athens*. 

waist ee Auguit a7 Sot A total Eclipfe of the Moon. Nicias 

\ . with his thip deftroyed at Syracufe. 

1 394- > - “-} Auguftig -| An Eclipfe of theSun. The Perfans 

t beat by Conon, in a fea engagement. 

~-168- - - -}| Junea1- -| A‘total Eclipfe of the Moon. The 

ia ' next day Perfeus, King of Macedonia, 

; was conquered by Paulus Emilius. 


After Curisr. Y 


April go -| An Eclipfe of the Sun. This is 

reckoned among the Presses, on 
account of: the murder of Agrippinus 

i ‘| by Nero. 

f237- - - -| Aprilig -| A total Eclipfe of the Sun. A fign | 

me, : that the reign of the Gordiant would not 

. continue,long. “A fixth agin of 

Wr | the Chriftians. 

¥306- - - -| July27- -| An Eclipfe of the Sun. The Stars 

i ere feen, and the Emperor Confantius 


"tH 
| 
dae 
- 
wa 
i] 
) 


qt die. | 
f 840- - - -| May4 ~- +} Apdreadful Eclipfe of the Sun, And 
a ; ei .| Lewis the Pious died within fix months }} 


y | ‘after it. 
#1009) = =~ |---|" An Eclipfe of the Sun. And Jerusalem 
_ ) _ {taken by the Saracens. | 
#1133 - - -| Auguft2 -| A terrible Eclipfe of the Sun. The } 
Stars weré feen. “A fchifm. in the 
Chureh, occafioned is there being 
three Popes at once. 


, 


This Eclipfe happened in the firft year of the Peloponnefian war. 


aR a ‘ wont Belipes, 


* 


dhe faper-- 329. Ihave not cited one half of Riccroxus's _ 

IOUS NO» 

tions of the lift of portentous Eclipfes ; aud for the fame rea- + 

inerrant! that he declines giving any more of them than 

to Ecliptes. What that lift howls ; namely, t that it is moft 
difagreeable to dwell any loi-ger on fuch nonfenfe, — 
and as much as pollible to avoid tiring the reader : | 
the fuperftition of the ancients may be feen by thal i 
few here copied. My author farther fays, that © 
there’ were treatifes written to fhew againtt what — 
regions the malevolent effects of any. particular — 
Eclipfe was aimed; and the writers affirmed, that) 
the Effects of an Eclipfe of the Sun continued as 
many years as the Eclipfe lafied hours; and that 


of the Moon as many months. 


Mardikorm cas FOr ee fuch idle notions were once of no fmall 
nate once advantage to CHRISTOPHER CoLumsus, who in’ 
fi or CHRis- 
Torun the year 1493, was dri ven on the ifland of Jamaica, 
ee where he was in the greateft diftrefs for want of” 
Ser provifions, and was moreover refufed any afflifiance 
‘from. the inhabitants; on which he threatened ” 
them witha plague, and told.them, that in token” 
of it, there fhould be an Eclipfe: which accord) 
ingly re on the day he had foretold, and fo terri-” 
fied th arbarians, that they firove who fhould 
be fir in 1 bringing him all forts of: provifions 5 
abe them at his feet, and imploring Bs for@ 


givenels. Ricciouus’s Alnagef, Vol. I. 1. v.c. it. 


why ieeke nee D- Eclipfes of the Sun_are moe feqnen than 
are more of. the Moon, hecaufe the Sun’s ecliptic limits are” 
vilible 

Eclipfes of 2° Paee than the Moon’s, §.317: yet we have more 
theMoon’ yifible Eiclipfes of the Moon than of the Sun, bes 
can oF canfe Eclipfes of the Moon are feen from all parts 
att of that Hemifphere of the Earth which is next, 
her, and are equally great to each of thofe parts; 

but the Sun's Ecliples. are vifible only to that fraall. 

portion of the Hemifphere next him whereon. the 

Moon’s fhadow falls, as thall be pe piained by and: 

by at ey ee. a 

332. ‘Phe Moon's Orbit being elliptical, and. 

the ect in one of its focufes, fhe is once at her. 
10 | : leat 
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— jeaft pee from the Earth, and once at her PLATS - 

_greateft, in every Lunation. When the Moon Fgh 

changes at her leaft diftance from the Earth, and 

fo near the Node that her dark fhadow falls upon 

* the Earth, fhe appears big enough to cover the. 

whole * Dife of the Sun from that part on which 

_ her fhadow falls; and the Sun appears totally otal and 

eclipfed there, as at A, for fome minutes: but 272 
pres 0 

when the Moon changes at her greateft diftance the sun. 

from the Earth, and fo near the Node that her dark 

fhadow is directed towards the Earth, her diame- 

ter fubtends a lefs angle than the Sun’s ; and there- 

fore fhe cannot hide his whole Difc from any part 

- ofthe Earth, nor does her fhadow reach it at that 

time; and to the place over which the point of © 

her fhadow hangs, the Eclipfe is annular, as at B ; 

the Sun’s edge appearing like a luminous ring all 

around the body of the Moon. When the.chan ge 

happens withm 17 degrees of the Node, and thes. 

Moon at her mean diftance from the Earth, the 

point of her fhadow juft touches the Earth, and 

fhe eclipfes the Sun totally to that {mall fpot 

whereon her fhadow falis; but the darknefs is not 

of a moment's continuance, | 


933. The Moon’s apparent diameter, when Bee a 
largeft, exceeds the Sun’s when leaft, only 1 goat Fake. 
minute 38 feconds ofa degree: and in the,fesof the 
greateft Eclipfe of the Sun that can happen at 5 
any time and place, the total darknefs continues 
no longer than while the Moon is going i minute 
38 feconds from the Sun in her Orbit: which is 


about 3 minutes and 13 feconds of an Ban 


394. The Moon’s dark thadow covers only a Tohow 

_ fpot on the Earth’s furface, about 180 English miles pun ofthe 

broad, when the Moon’s diameter appears largeft is | be 
totaHy or 


pa rti ally 
* Althor gh the Sun and Moon are fpherical bodies, as cclipted at 


_ feen from the Earth they appear to be circular planes ; and ‘fo once. 


- would the Earth do, if it were feen from the Moon. The 
_ apparently flat furfaces of the Sun and Moon are called their 
«Byes by Afironomers. 


T 4 aad 
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ghee and the Sun’s leaft ; and the total darknefs can ex- 
"tend no farther than the dark fhadow covers. . Yet 
the Moon’s partial Shadow or Penumbra may then 

cover a circular fpace’ 4900: miles diameter, within 

‘all which the Sun is more or lefs eclipfed, as the 

places are lefs or more diftant from the center of 

the Penumbra: When the Moon changes exa¢ily 

in the Node, the Penunibra is circular on the 
Earth at the Middle of the general Eclipfe; be- 

caufe at that time it falls perpendicularly on the 

Farth’s furface: but at every other moment it 

falls obliquely, and will therefore be elliptical, 

and the more fo, as the time is longer before or 

after the middle of the general Eclipfe; and then, 

much greater portions of the Earth’s furface are. 

involved in the Penumbra. 3 

Durationof 935. When. the Penumbra firft touches the 


a Earth, the general Eclipfe begins: when it leaves. 
Eclipfes. the Earth, the general Eclipfe ends: from the be- 
-. ginning to the end the Sun appears eclipfedin fome 
part of the Earth or other, When the Penumbra 
touches any place, the Eclipfe begins at that place, 
and ends when the Penumbra leavesit. Wheu the. 
Moon changes in the Node, the Penumbra goes, 
over the center of the Earth’s Duc as feen from the 
Moon; and confequently by defcribing the longeft. 
ine poffible on the Earth, contmues the longett 
upon #t; namely, at a mean rate, 5 hours 50 mi- 
nutes: more, if the Moon be at her greateft di- 
fiance from the Earth, becanfe. fhe then moves 
floweft; lefs, if the be at her leaft diftance, be- 
caufe of her quicker motion, , 

936. To make the laft five articles and feveral — 
other phenomena plainer, let S$ be the Sun, FE the 
Earth, M@ the Moon, and AA/P the Moon's Orhit. 
Draw the right line We 12 from the weftern fide 
of the Sun at FV, touching the weftern fide of the 
Moon atc, and the Earth at 12: draw alfo the 
right line Vd i2 from the eaftern fide of the’ Sun 
at V, touching the eaitern fide of the Moon at d, 


a7 vane 


Fig. II. 
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andthe Earth at 12: the dark fpacece 12 dincluded 


between thofe lines in the moon’s fhadow, ending TheMoonts 


in a point at 12, where it touches the Earth; be- ark Sh 
caufe in this cafe the Moon is fuppofed to change 

at Af in the middle between 4 the Apogee, or far- 

thefi point of her Orbit from the Earth, and ? the. 
Perigce, or neareft point to it. For, had the point 

P been at M,the Moon had been nearer the Karth;. . 

and: her dark thadow at e would have covered a 

fpace upon it about 180 miles broad, and the Sun. © 
would have been totally darkened, as at 4 (Vig. I.) 

with fome continuance: but had the pomt 4 

(Fig. IL.) been at JZ, the Moon would haye been, 
farther from the Earth, and her thadow would have — 
ended in.a point about e, and therefore the Sun 

would have appeared as at B (Fig. I.), like a lu-vana Pen- 
minous ring all around the Moon. Draw the right »™>r 
lines VW X dh and V xcg, touching the contrary 
fides of the Sun and Moon, and ending’ on the 
Earth at a and 6: draw alfo the right line SX AZ 
12, from the center of the Sun’s Difc, through the 
Moon’s center, to the Earth at 12; and fuppofe 
the two former lines WA dh and V X cg to revolve 


onthe line S_X M i2 as an Axis, and their points 


a and b will defcribe the limits of the Penumbra 

TT on the Earth’s furface, including the large 

{pace ao 6 12 a, within which the Sun appears 

more or lefs eclipfed, as the places are more or leis 

diftant from the verge of the Penumbra ao 6. . — 
Draw the right line y 12 acrofs the Sun’s Diic, Digits 


_ perpendicular to XM, the Axis of the Penumbra: 


then divide the line y 12 into twelve equal parts, 
as in the-Figure, for the twelve * Digits of the 
Sun’s diameter: and at equal diftances from the 
center of the Penumbra at 12 (on the Karth’s fur- 
face YY) to its edge ao b, draw twelve concen- 
tric Circles, as marked with the numeral Figures 
1234, &c. and remember that the Moon’s mo- 
* A Digit isa twelfth part of the diameter of the Sun or Moon, 

Fach digit is divided into fixty equal parts called minutes. 
| | tion 


252, 
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; oe tion in her Orbit 4 MP is from Weft to Eaft, as 


The difer- 


from sto ¢. Then, 
To an obferver on the Earth at }, the: eaftern 


“ent Phafes limb of the Moon at d feems to touch the weffern 


of a folar 
Echipfe, 


Fig. UIT. 


Fig. 11» 


= 


limb of the Sun at. JV, when the Moon is at A/; 
and the Sun’s Eclipfe begins at 6, appearing as at. 


Ain Pies Tat the left hand; but at the fame — | 
‘ moment muy abfolute time to’an obferver at a in 


Fig. IT. the weftern edge of the Moon at c leaves 
the eaftern edge of the Sun at VY, and the Eclipfe 
ends, as at the right hand C' of Fig. TI. At the 
very fame jdihaies to all thofe who ve on the Cir- 
cle marked 't on the Earth & in Fig. II. the Moon 


-M cuts off or darkens a twelfth part of the Sun a 


and eclipfes him one Digit, as at 1 in Fig. III: to 
thofe who live on the Circle marked 2 in Fig. tI, 
the Moon cuts off two twelfth parts of the ‘Sun, 
as at 2 in Fig. III: to thofe on the Circle 3, three 
parts; and fo on to the center at 12 in Fig. H. 
where the Sun is centrally eclipfed, as at B in the 
middle of Fig. 111; under which Figure there is a 
fcale of hours and minutes, to fhew at a mean rate 
how jong it is from the beginning to the end of a 
central Eclipfe of the Sun on the parallel of Lon- 
don; and how many Digits are eclipfed at any par-— 
ticular time from the beginning at 4 to the middle 
at B,or the end at C. "Thus, in 16 minutes from 
the beginning, the Sun is two Digits eclipfed ; ; In 

an hour and five minutes, eight Digits: ; and in an 
hour and thirty-feven minutes, 12 Digits. 


337. ‘By Fig. I. it is plain, that the Sun is-to- 
tally or centrally eclipfed but to a fmall part ofthe 
Earth at anytime; becaufe the dark conical fhadow 
c of the Moon JZ falls but on a {mall part of the 
Farth: and that.a partial Eclipfe is confined at 
that time to the {pace included by the Circle a o 6, . 
of which only one half can be- paresied in the 


Figure, the other hatf being fuppofed to be hid by 


the convexity of the J Barth E: and. likewile, that 
no part of the Sun is sti Si tq the large f fpace YY 
ei : of 
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of the Earth, becaufe the Moon is not between the i 
Sun and any of that part of the Earth; and there- he velo- 
. fore to all that part the Eclipfe is invifible. TL hec*y of the 
Earth turns eaftward on its Axis, as from g to figtaacrsr 40 
which is the fame way that the Moon’s fhadow s Bart. 
moves; but the Moon’s motion is much {wifter in 

her Orbit from.s to ¢: and therefore, although 
Eclipfes of the Sun are of longer duration on-ac- 
count of the Earth’s motion on its Axis than they — 
‘would be if that motion was ftopt, yet in four mi- 

nutes of time at moft the Moon’s {wifter motion 
carries her dark fhadow quite over any place that 

‘ts center touches at the time of greateft obf{cura- 

tion, The motion of the fhadow on the Earth’s 
Difc is equal to the Moon’s Motion from the Sun, 
which is about 204 minutes of a degree every hour 

at a mean rate; but fo much of the Moon’s Orbit 

is equal to 30} degrees of a ‘great Circle on the 
Earth, § 9203 and therefore the Moon's fhadow + 
goes 30% degrees or 1639 geographical miles on 

the Earth in an hour, or 303 nmles in a minute, 
which is almoft four times as twift as the motion of 
acannon ball. 


: ff 

338. As feen from the Sun or Moon, the Earth’sFis lV. 
Axis appears differently inclined every day of the 
year, on account of keeping its parallehifm through- 
out its annual courfe. Let E, D, 0, N, be the 
Earth at the two Equinoxes and the two Solftices, 
NS its Axis, N the North Pole, S the South Pole, 
#2 the Equator, 7 the Tropic of Cancer, ¢ the 
Tropic of Capricorn, and 4 B C the Gircumference 
of the Earth’s enlightened Dife as feen from the 
Sun or New. Moon at thefe times. The Earth’sPhesomens 
Axis has the pofition NES at the vernal Equinox, Steen from 
lying towards theright hand, as feen from the Sun the Sua er 


New Moon 


or New Moon; its poles WV and S$ being then iil, taifavent 
the Circumference of the Difc; and the Equator, mest 
4 : ce fi e “ year. 
and all its parallels feem to be ftraight lines, be-’ 
canfe their planes’ pafs through the obferver’s eye, 
ooking down upon the Earth from the Sun. or 
Moon 


ey 
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Moon directly over E, where the Ecliptic FG in- 


terfeéts the Equator @. At the Summer Solftice, 


the Earth’s Ax's has the pofition NDS’; and that 
part of the Ecliptic #G. in wkich the Moon is 
then New, touches the Tropic of Cancer T at D. 
The North Pole N at that time inclining 234 de- 
grees towards theSun, falls fo many degrees within 
the Earth’s enlightened Difc, becaufe the Sun is 
then vertical to D, 233 degrees north of the Equa- 
tor # 2; and the Equator with all: its parallels 
feem ellipticcurves bending downwards, or towards 
the South Pole, as feen from the Sun: which Pole, 
together with 234 degrees all round it, is hid be- 
hind the Difc in the dark hemifphere of the Earth, 

At the autumnal Equinox, the Earth’s Axis has 
the pofition NOS, lying te the left hand as feen 
from the Sun or New Moon, which are then ver- 
tical to O, where the Ecliptic cuts the Equator 
4/2, Both Poles now lie in the circumference 
of the Difc, the North Pole juft going to difap- 
pear behind it, and the South Pole juft entering 
into it; and the Equator with all its parallels feem 
to be firaight lines, becaufe their planes pafs - 
through the obferver’s eye, as feen from the Sun, 

and very nearly fo as feen from the Moon. At. 
the Winter Solitice, the Earth’s Axis has the po- 

fition NNS'; when its South Pole §' inclining 23+ 
degrees towards the Sun, falls 2.3! degrees within. 
the enlightened Difc; as feen from the Sun or New 

Moon, which are then vertical to the Tropic of 
Capricorn ¢, 23% degrees fouth of the Equator 

4/2; and the Equator with all its parallels feem- 
elliptic curves bending upwards; the North Pole 

being as far behind the Dife in the dark Hemi- 


Iphere, as the South Pole is come: into the light. 


Lhe nearer that any time of the year is to the 
Equinoxes or Solftices, the more it partakes of the 
Phenomena relating to them, } 


339. [Thus it appears, that from the V ernal Equi- 


nox to the Autumnal, the North Pole is enlighten- | 


ed 
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ed; and the Equator and all its parallels appear PLATE 


elliptical as feen from the Sun, more or lefs curved 


Various po- 


~ as the time is nearer to or farthes from the Sum- fitions of 


mer Solftice ; and bending downwards, or towards 


the Earth’s 
Axis are 


the South Pole ; the reverfe of which happens teen from 


from the Autumnal Equinox to the Vernal. A 


the Sun at 
different 


little confideration will be fufficient to. convince timesof 


the reader, that the Earth’s Axis inclines towards‘ 
the Sun at the Summer Solftice ; from the Sun at 
_ the Winter Solftice; and Sidewife to the Sun at 
the Equinoxes ; but towards the right hand, as 
feen from the Sun at the Vernal Equinox; ‘and 
towards the left hand at the Autumnal. From the 
Winter to the Summer Solftice, the Earth’s Axis 
inclines more or lefs to the rizht hand, as feen from 
the Sun; and the contrary from. the > Summer to 
the W inter Solftice. ' 


the year. 


340. The different pofitions of the Earth’s Axis, How thefe 


as feenefrom the Sun at different times of the year 


pofitions 
> affect folar 


affect folar Eclipfes greatly with regard to particu- Ectiptes. 


lar places; yea fo far as would make central Eclip- 
fes which fall at one time of the year invifible if 
they had. fallen at another; even though the Moon 
_ fhould always change in the Nodes, and at the fame 
hour of the day: of which indefinitely various 
affections, we fhall only give Examples for the 
times of the Equinoxes and Solitices. 


In the fame Diagram, let FG be part of the Fi Iv. 


Ecliptic, and 1K, zk, ik, tk, part of the Moon’s 


Orbit; both feen ed cewile, and therefore projected 


into right lines ; and let the interfections NV, O, 
| D,E, be one and thefame Nodes at the above times, 
when the Earth has the forementioned different 
pofitions ; and let the fpace included by the Cir- 
cles, P, p,p,p, be the Penumbra at thefe times, as 
its center is pafling over the center of the Earth’s 
Dife. At the winter Solftice, when the Earth’s 
Axis has the pofition NNS, the center of the Pe- 
numbra P touches the Tropic of Capricorn fin N 
at the middle of the eractal ee but no part 
of 
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of the Penumbra touches the Tropic’ of Cancer 7 


At the Summer Solftice, when the Earth’s Axis 
has the pofition NDS (i Dk being then part of 


the Moon’s Orbit, whofe Node is a D), the Pe- 


numbra p has its center at D, on the Tropic of 
Cancer T, at the middle of’ the general Eclipfe, 
and then no part of it touches the Tropic of Ca- 
pricorn. 4. At the Autumnal Equinox, the Earth’s 
Axis has the pofition NOS ({Ok being then part 
of the Moon’s Orbit), and the Penumbra equally’ 
includés part of both Tropics J’ and ¢ at the middle 
of the general Eclipfe: at the vernal Equinox it 
does the fame,. beeaufe the Earth’s Axis has the 
pofition NV ES: but in the former of thefe two 
laft cafes the Penunsbra enters the Earth at 4; 
ri a of the Tropic of Cancer T, and leaves it at 
, fouth of the Tropic of Capricorn ¢ 3 having 
over the Earth obliquely fouthward, as its 


center defcribed the line 4 Om: whereas, in the 
‘Tatter cafe, the Penumbra touches the Earth at n, 


fouth of the Equator 2, and defcribing the 
line n Eg (fimilar to the former line 4 O min open 


_ fpace) goes obliquely northward over the Earth 


and leaves it at g, north of the Equator. 

‘Ta all thefe cireumfiances; the: Moon has been 
fuppofed to change at noon in her defcending 
Node: had fhe changed i in her afcending Node; the 
Phenomena would have been as various the con- | 
trary way, with refpeét to the Penumbra’s going 
northward or fuuthward over the Earth. But be- 

caufe the Moon changes at all hours, as often in 

one Node as in the other, and at all diftances from 
them both at different times as it happens; the va- 
riety, of the Phafes of Eclipfes are almoft innume- 

rable, even at the fame places ;.confidering alfo 
how varioully the fame places are fituated on the 
enlightened Duiic of the Earth, with refpect to the _ 
Penumbra’s motion, at the different hours when 
Rchipies MPEG | 


441, When 


<-- 
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341. When the Moon changes 17 degrees flrort ee much 
of her defcending Node, the Penumbra P 18, jult Gana tals 
touches the northern part of the Earth’s Dif, onthe 
near the North Pole N; and as feen. fron SEE front dae 
place the Moon appears to touch the Sun, but hen eg. 
hides no part ofhim trom fight. Had the Change — pap ies. 
been as far fhort of the afcending Node, the Pe- 
numbra would have touched the fouthern part’ of 
the Difc near the South Pole 5.. When the Moon - 


changes 12 degrees fhort of the defcending Node, 


‘more than a third part of the Penumbra P’12 falls 


on the northern parts of the Earth at the middle of 

the general Eclipfe: had the changed as far paft 

the fame Node, as muth on the other fide of the 

Penumbra about P would have fallen on the fouth- 

ern part of the Earth; all thereft m theezpanfiem. 

or open fpace. When the Moon changes 6 degrees’ 

from the Node, almoft the whole Penumbra P 6 

falls on the Earth at the middle of the general 

Eclipfe. And lafily, when the Moon changes in 

the Node at N, the Penumbra P N takes the 

longeft. courfe poffible on the Earth’s Difc; its 

center falling on the middle of it, at the middle - 

of the general Eclipfe. The fartiier the Moon 

changes from either Node, within 17 degrees of 

it, the fhorter is the Penumbra’s continuance ons 

the Earth, becanfe it goes over a lefs proportion of 

the Difc, ‘as is evident by the Figure. | 
342. The nearer that the Penumbra’s center is to Thetarth’s 


the Eguator-at the middie of the general Iclipfe, {unl 


* morea 


the longer is the duration of the Jtclipfe at. all iengtnens 


thofe places where it is central; becaute,the nearer a 
that any place is to the Equator, the greater is the Eclipfes, 
Circle i¢ deferibes by the Earth’s motion on its “ich Be. 
: 5 : : without the 
Axis; and fo, the place moving quicker, keeps Polar Cir- 
longer in the Penumbra, whofe motion is the fame” 
oS 3 


way with that of the place, though fafter, as has 


been already mentioned, § 397. Thus (fee the 


‘ 


Earth at D and the: Penumbra at 12) while the’ 


‘point b inthe polar Circle abcd is carried from 5 - 
toc by the Earth’s diurnal motion, the point don 


the 


233 | Of. Beligfess 
the Tropic of Cancer 7’ is carried a much greater 
length -from d to): and therefore, if the Pen- 


umbra’s center goes one time over c, and another | - 


time over D, the Penumbra will be. longer j in ‘pafi- 
ing over the moving-place d than it was in pafling 
over the moving-place 6. Confequently, central 
Eclipfes about the Poles are of the fhorteft dura- 
tion; and about the Equator the longeft.. 


pnd ae ~ 943/ In the middle of Summer, the whole fri- 
ens the du~- 


ration of gid Zone included by the polar Circle abcd is en-, 


Sahel lightened ; and #f it then happens that the Penum- 
thefe Cir. bra’ s center goes over the North Pole, the Sun will 
a be eclipfed much the fame number of Digits at a 

: as at c; but wuile the Penumbra moves eaftward 


over c, it moves weftward over a, becaufe, with 


refpect to the Penumbra the motions of a and c are~ 


contrary: for c moves the fame way with the Pen- 
umbra towards d, but a moves thé contrary way 
towards 6; and therefore the Eclipfe will “be of 
longer duration at c than at ad. At a the Eclipfe 
begins on the Sun’s eaftern limb, but at c on his 
weflern: at all places lying without the polar Cir- 
cles, the Sun’s Eclipies begin on his weftern limb, 

or near it, and end on or near his eaftern. At thofe 
places where the Penumbra touches the Earth, the 


Eclipfe begins with the rifing Sun, on the top of 
his weftern er uppermoft edge; and at thofe places 


where the Penumbra leaves the Earth, the Eclipfe 


ends with the fetting Sun, on the top of his eaftern, 


edge, which is then “the uppermoft, juft at its dif- 
appearing in the Horizon. 


TheMoon 344. If the Moon were furrounded by an At- 


has no At- 


sit piete mofphere* of. any confiderable denfity, it would 


feem to touch the Sun a little before the Moon 
made her appulfe to his edge, and we fhould fee a 
little faintnefs on that edge before it were eclipfed 
by the Moon: but as no fuch faintnefs has been 
obferved, at leaft fo far as I ever heard, it feems 
Plath that the Meonhasnofuch Atmolphere as that 


* See note: page 25. . 


of 
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ofthe Earth. The faint ring of light furrounding a 
the. Sun in total Eclipfes, called by Cassint fi 
— Chevelure du Soleil, feems to be the Atmofphere of 

the Sun; becarfe it has been obferved:to. move 
equally with the Sun, not with the Moon. 


345. Having faid fo much about Eclipfes of 
the Sun, we fhall drop that fubject at prefent, and 
proceed to the doétrine of Innar Eclipfes: which, 
being more fimple, my be explained in lets 
time. 


That the Moon can never be ecli pied but.at the Bcliptes of By 
time of her being Full, and the reafon why tie 15 tbe Moon... 
not eclipfed at every Full, has been fhewn already, 

§ 316, 317. Let ' be the Sun, & the Eatth, RA Fig. 11. 
the Earth’s fhadow, and B the Noon in oppolition 

to the Sun: in this fitwation-the Earth intercepts 

the Sun’s light in its way to the Moon; and Wika 

the Moon touches the Earth’s thadow at ¥, thé be- - 
gins to be eclipfed on her eaftern limb r, and con- » 
tinues eclipfed until her weftern limb ¥ leaves the 
fhadow at w; at B. fhe isin the middie of thé - 
fhadow, and confequently in the middle of the 
Eclipfe. 


346. The Moon when totally eclipfed is, not 
invifible, if fe be above the Horizon and the Sky. 
_ be clear ; but appears generally of a dufky colour 
_ dike tarn ithed copper, which fome have thought to 
be the Moon’s native light. ~ But the true caufe of ne. 
her being vifible is the feattered beams of the Sun, Moon is vie 
Bentitite the Karths fadew by going through the ta Eclpte. 
Atmofphere; which, being more denfe near a 
~ Earth than at conf fiderable heights: above it, 
_ fraéts or bends the Sun’s rays more inward, § 1 gf ; 
_ and thofe which pafs neareft the Earth’s furface, 
_ are bent more than thofe rays which go through 
higher parts of the Atmofphere, where it is 
Jefs denfe, until it be fo thin. or rare as to lofé 
its refractive power. Let the Circle f g & 7, con- 
_ centric to the Earth, include the Atmofphere, 
whole refractive power vanifhes at, the heights 

and 
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andi; fo that the rays Wfw and Viv go of 
ftraight without fuffering the leaft refraction. But 
all thofe rays which enter the Atmofphere, between 
fand f, and between z and /,’on oppofite fides of | 
the Earth, are gradually more bent inward as they 
co through a greater portion of the Atmoifphere, 


| 2 until the rays Wk and // touching the Earth at 


m and n, are bent fomuch.as to meet at g, a little 
fort of the Moon; and therefore the dark fhadow 
of the Earth is contained in the fpace mogp n,’ 


where none of the Sun’s rays can enter: all the 


reft R R, being mixed by the feattered_ rays which. 
are refracted as above, is in fome meafure enlight- 


-enéd by them; and fome of thofe rays falling on 


the Moon, give her the colour of tarnifhed copper, 


or of iron almoft red-hot. So that if the Earth 


had no Atmofphere, the Moon would be as. invi- 


_ {ible in total Eclipfes as the is when New. Ifthe 


Moon were fo near the Earth as to go inte its dark 
fhadow, fuppofe about po, fhe would be invifible 
during her ftay in it; but vifible before and alter — 
fn the fainter fhadow RA. ; 


-. 347. When the Moon goes through the center 
of the Earth’s fhadow, fhe is directly oppofite to 
the Sun: yet the Moon has been often feen to- 
tally eclipfed in the Horizon when the Sun was 


Moen isto. alfo vifible in the oppofite part of it: for, the 


tally 
ceclipfed. 


63 


= 


horizontal refraction being almoft 34 minutes of a 
degree, § 181, and the diameter of the Sun and. 
Moon being each at a mean ftate but.32. minutes, — 


the refraction caufes both: Luminaries to appear. 


above the Horizon when they are really below if, © 

§ 179. ° isk ahned 10 set 
948. When the Moon: is Full at 12 degrees 

from either of her Nodes, fhe juft teuches the 


‘Earth’s thadow, but enters not into it. Let Gi 


be the Ecliptic, ef the Moon’s Orbit where the is 
i2 degrees from the Node at her Full; cd her 
Orbit where fhe is 6 degrees from the Node, a6’ 


her Orbit where fhe is Full in the Node, 4B the — 


Earth's: ; 


~ 
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Earth’s fhadow, and M the Moon. | When the Duration 
_ Moon defcribes the line ef, fhe juft touches the aig 
fhadow, but does not enter into it: when fhe de- the Mooa. 
{eribes the line ¢ d, fhe is totally, though not cen- 
_trally immerted in the fhadow; and wher flie de- 
fcribes the line ab, the paffes by the Node at Af 
in the center of the Had owes and takes the longeft 
Tine poflible, which is a diameter, through it: and 
fuch an Eclipfe being both total and central is of 
' the longeft duration, “namely, 3 hours 57 minutes 
6 feconds from the basiicine: to the end, if the | 
Moon be at her greateft diftatice from the Earth :- 
andj hours 37 minutes 26 feconds, if the be at 
her leaft difences ‘The reafon of this difference 
is, that when the Moon is fartheft from the Earth, 
fhe moves the floweft; and when neareft to it, 
quickett. 

349. The Moon’s diameter, as seal as the Sun’s, Disics. 
is fuppofed to be divided into twelve equal parts, 
called Digits; and fomany of thefe parts as are ~ 
darkened by the Earth’s thadow, fo many Digits 
is the Moon eclipfed. All that the Moon is 
eclipfed above 12 Digits, fhew how far the fhadow 
_of the Earth is over rahe body of the Moon, on 
that edge to which fhe is neareft at the middie of 
» the Eclipfe. 


* 380. It is difficult to obferve exactly either the Wihy the 
beginning or ending of alunar Eclipfe, even with 2730") 


ana ena 
a good telefeope ; becaufe the. Earth’s thadow is hoe 
fo faint and ill-defined about the edges, that when arr wo. 
‘the Moon is either juft touching or leaving If, the be deter- 
obfeuration of her limb is fearce fentibies WE Stele. 

irefote the niceft obfervers can hardly be certain to», 
to feveral feconds of time: But both the be-— 
ginning and ending of folar Eclipfes are vifibly 
Wohtantapedns ‘ ; for “the moment th: ut the edge of. 

the Moon’s Difc touches the Sun’s, his ronndneis 

feemsa little broken on that parns aud the moment 
the leaves it, he appears perfeéily round again. ‘ 


U2 : 951. In 
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‘BEL. In Aftronomy'Eclipfes of the Moon are 


ee 


of great ufe for afcertaining the periods of her — 


motions; efpecially fuch Eiclipfes as are obferved — 


to be alike in all circumftances, and have jong : 


intervals of time between them. _In Geogra- 
phy, the Longitudes of places are found by — 
Eclipfes, as already fhewn in the Eleventh Chap- 
ter. In Chronology, both folar and lunar Eclipfes 
ferve to determine exactly the time of any paft — 
event: for there are fo many. particulars, ob-— 
fervable in -every Eclipfe, with refpeét to its 


- quantity, the places where it is vifible. (if of the — 


. courfe of many ages which are alike in all circum- : 


The dark- ~ 
_ mefsat our 


SAVIOUR’S 
crucifixion 
fupernatu- 
ral. 


Sun), and the time of the day or night ; that. it is 
impoffible there can be two folar Eelipfes | in the. 


ftanees 


952. From the above explanation of the doc. — 


trine of Eclipies, it is evident that the darknefs at 


our Saviour’s Crucifixion was fupernatural. For _ 


~ he fuffered on the day on which the Paffover was 


eaten by the Fews,on which day it was impoffible — 


that the Moon’s fhadew could fall on the Karth; - 
for the Fews kept the Paffover atthe time of Full — 


Moon: nor does the darkneis in total: Eclipfes of _ 


‘the Sun latt above four minutes in any place, § 339, 


whereas the darknefs at the Crucifixion Jafted three — 
_ hours, Matt, xxvii. 15. and overlpread at leatt all 


the land of Fudea.” 


CHAP 


The Conftruction of the following Tables. 


CHAP. XIX.” 


| Shewing the Principles. on which the following 


Aftronomical Lables are confiruéted, and the 
Method of caiculating the Times of New and 
Full Moons and Eelipfes by them, 


353. , { ‘HE nearer that any objett is to the eye 
of an obferver, the greater is the angle 
under which it appears : the farther from the eye, 


_ the lefs. 


~ 


The diameters of the Sun and Moon fubtend. 
different angles at different times. And at equal 


intervals of time, thefe angles are once at the _ 
_ greateft, and once at the leaft, in fomewhat more 


than a complete revolution of the luminary through 


the Kcliptic, from any given fixed Star to the fame 
_ Star again.—This proves that the Sun and Moon 


are conftantly changing their diftances from the 


Earth; and that they are once at théir greatett 
| diftance, and once at their leaft, in little more than 


a complete revolution. 


The gradual differences of thefe angles are not 


what they would be, if the Luminaries moved in 


circular Orbits, the Earth being fuppofed to be - 
_ placed at fome c diftance from the center: but they 


agree perfectly with elliptic orbits, fuppofing the 


3 lege focus of each orbit to be at tiie center of the 


Earth. 
The fartheft bonit of each Orbit ee the 


Earth’s center is called the Apogee, and the neareft 
_ point is called the Perigee.—Thefe points are 


directly oppofite to each other. 
Afironomers divide each Orbit into 12 equal 


parts called Signs ; each fign into 30 equal parts,, 
- called Degrees ; each Degree into 60 equal parts, 
called Minutes ; and every minute into 60 equal 


parts, called Seconds. The diftance of the Sun 


: - Moon from any given point of its orbit, is 


Ae hy reckoned 
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reckoned in figns, degrees, minutes, and feconds, 
Here we mean the diftance that the Luminary has 


moved through from any given point; not the — 
{pace it is fort of it in coming round again, though, 


ever fo little. 


‘The diftance of the Snn or Moon from its — 


Apogee at any given time is called its mean 
Anomaly: fo that, in the Apogee, the Anomaly is 
nothing; in the Perigee, it is fix figns. 

The motions of the Sun and Moon are obferved 


er 


to be continually accelerated from the Apogee to 


the Perigee, and as gradually retarded from the 
Perigee to the Apogee; being floweft of ail when 
the mean Anomaly is nothing, and {wifteft of all 
when it is fix figns. 


When the Luminary, is in its Apogee or its | 


_Perigee, its place is the fame as it would be, if its 


motion were equable in all parts of its Orbit.— 
‘The fuppofed equable motions are called mean; — 


the unequable are juftly called the érue_. 


“A 


The mean place of the 5un or Moon is always 
forwarder than the true. place *, while the Lumts, 

nary is moving from its Apogee to its Perigee ; — 
and the true place is always forwarder than the — 


mean, while the Luminary is moving from its 


' Perigee to its Apogee—tn the former cafe, the 
Anomaly is always lefs than fix figus; and in the: 
' latter cafe,-more. . | 
It has been found, by a long feries of obferva- . 


tions, that the Sun goes through the Ecliptic, from 
the Vernal Equinox to the fame Equinox again, in 


365 days 5 hours 48 minutes 55 feconds}; from the | 


* The point of the Ecliptic in which the Sun or Moon is 
at any given moment of time is called the place of the Sun or 
Moon at that time. ; ; oy 


+ From the comparifon of a great number of ancient and 


late obfervations; -M. de Laland determined the length of tne 
Tropical year to be 365 days 5 hours 48 minutes 48". See 
the editor’s treatife on the Theory and Practice of finding the 


Longitude at Sea or Land, Vol. 1. bap. Ii. 


ian 
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fire Star of Aries to the fameStar again, in abe days 
6 hours g minutes 24 feconds: and from his Apogee 
to the fame again, in 965 days 6 hours 14 minutes 
o feconds.—The firft of thefe is called the Solar 
Year, the fecond the Stdereal Year, and the third 
the Anomaliffic Year.—So that the Solar Year is 20° 
minutes 29 feconds thorter than the Sideréal;. and 
the Sidereal Year is 4 minutes 36 feconds fhorter 

than the Anomaliftic.—Hente it appears that the 

 Equinoétial Point, or interfettion of the Ecliptic: 

and Equator at the beginning of Aries, goes back- 
wards with refpect to the fixed Stars, and that the 
Sun’s Apogee goes forwards, | 

It isalfo obferved that the Moon goes through 
her Orbit from any given fixed Star to the fame 
Star again, in 27 days 7 hours 43 minutes 4 fe- 
conds at a mean rate: from her Apogee to.her 
Apogee again, in 27 days 13 hours 18 minutes 
43 feconds: and from the Sun to the Sun again, 
in 29 days 12 hours 44 minutes 3,4, feconds — 
This thews, that the Moon’s Apogee moves for- 
ware in the Ecliptic, and.¢hat at a much quicker 
rate than the Sun’s Apogee does; fince the Moon 
is 5 hours 55 minutes, 39 feconds longer in re-: 
volving from her Apogee to her Apogee again, 
than from any Star to the fame Star again. 

The Mcon’s Orbit croffes the Ecliptic in two 
oppofite points, which are called her Nodes: and 
jt is obferved that fhe revolves fooner from any 

Node to the 1ame Node again, than from any Star 
to the fame Star again, by 2 hours 38 minutes 27 
feconds ; which fhews that her Nodes move back-. 
wards, or contrary to the order of Signs, in the 
Ecliptic. * 

The time in which the Moon revolves from the 
Sun to the Sun again (er from change to change) 
is called a Lunation ; which, according to Dr. 

-Pounn’s mean meafures, would dlways confilt of 
39 days 12 hours 44 minutes.3 feconds 2 thirds 
58 fourths, if the motions of the Sun and Moon — 

. By Shs U4 were ° 
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were. always equable * Hence 12 mean Luna- 
tions contain 354 days 8 hours 48 minutes 36 


feconds 35 thirds 40 fourths, which is 10 days 21 . 


hours 11 minutes 23 feconds'24 thirds 20 fourths 


Jefs than the length of a common Julian year, con- 


fifting of F365 days 6 hours; and 13 mean Lunations 
contain afi days 21 hours 32 minutes 39 feconds. 


38 thirds.38 fourths, which exceeds the length of 
a common ate Hot year, by 18 days 15-hours 32 
minutes 39 feconds 38 thirds 38 fourths. 

‘The mean time of New Moon being found for 


- ‘any given year and. month, as fuppofe for March 


1700, Old Stile, if this mean New Moon falls later 
than the 11th day of March, t then 12 mean Luna- 
tions, added to the time of this mean New Moon, 
will give the.time of the mean. New, Moon in 
March 1701, after having thrown off F965 days.— 
Bat when the meaa New Moon happens to be 


- before the 11th of March, we mi aft add 13 mean 
' Lunations, in order to have the time of mean New 


Moon in March the year following: always taking 


care to. fubtract 265 days in common years, and 
366 days in leap years, from_ the fuin of this 


Rdditio Ls 

Thus, 4. D. 1700, Old Stile, ne. time of mean 
New Moon in AZarch was the 8th day, at 16 hours 
ti minutes 25 teconds after the noon of that day 
(viz, at 11 minutes 25s feconds ‘pait 1V in the 


morning of the gth day, according to common 


reckoning 2). To this we muft add 13 mean Luna- 
tions, or 383 days 21 hours 32 itunes 39 feconds 
36 thirds 36 fourths, and ihe fum will be 392 
da y8,13 hours 44.4 minutes 4 feconds 38 thirds 33 
tourths ; from which fubtraé 365 days, becaufe 
the year 1701 1s.a common year, and there will 


remain 2 27 days 13 hours.44 minutes 4 feconds 38 


bs si e have Ae ght proper to keep by Dr. “Pound's length 


aia -n Luna tion, becanfe his numbers come nearer to the 


= 


tes he aie ient “ns h iples, than Mayer’s do, without allowing . 


yi , thirds 
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thirds 38 fourths for the time of mean New Moon 
in March, A. D. 1701. nag 


‘Carrying on this addition and fubtraétion, till 
A. D. +7035 we find the time of mean New Moon 


in March that year, to be on the 6th day at 7 
hours 21 minutes 17 feconds 49 thirds 46 fourths 
paft noon ; to which add 13 mean Lunations, and 


the fum will be 390 days 4 hours 53 minutes 57. 


feconds 28 thirds 20 fourths; from which fubtract 
266 days, becaule the year 1704 1s a leap year, 
and there will remain 24 days 4 hours 53 minutes 
57 feconds 28 thirds 20 fourths for the time of 
-mean New Moon in March, A. D. 1704. 

In this manner was the firf of the following 
Tables confiruéted to feconds, thirds, and fourths ; 
and then wrote out to the neareft feconds.—The 
reafon why we chofe to begin the year with March, 
was to avoid the inconvenience of adding a day to 
the tabular time in leap years after February, or 
fubtracting a day therefrom in January and 
February in thofe years; to which all tables of 
this kind are fubject, which begin the year with 
January, in calculating the times of New or Full 
Moons. * : 3 : | 
_ The mean Anomalies of the Sun and Moon, and 
the Sun’s mean motion from the afcending Node 
of the Moon’s Orbit, are fet down in Table IIT. 
from one to 13 mean Tunations.—Thefe Num- 
bers for 13 Lunations, being added to the radical 
- Anomalies of the Sun and Moon, and to the Sun’s 
mean diftance from the afcending Node, at the 
time of mean New Moon inMMarch 1700, (Yable 1.) 


will give their mean Anomalies, and the Sur's: 


mean diftance from the Node, at the time of mean 
New Moon in March 1701; and being added for 
12 Lunations to thofe for 1701, give them for the 
time of mean New Moon in March 1702. And 
fo on, as far as you pleafe to continue the Tabk 
(which is here. carried on to the year 1800), always 

throwing 
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throwing off 12 figns when their fum exceeds 12, 


and fetting down’ the remainder as the proper 
yal 

Uf the nun nbers belonging Tee E D. 1700 (in 
Table I’) be fubtratted from thofe belonging to 
1800, we fhall have their whole differences in 100 
complete Julian years ; which accordingly we find 
te be 4 days 8 ‘hours 10 minutes 52 feconds 15 
thirds 40 fourths, with refpeét to the time of mean 
New Moon.— Thefebeing added together6o times, 
(always taking care to ae off a whole Lunation 
when the days excced 293,) making up 60 centu- 


ries, or 6000 years, as in Table VI. which was.’ 
earried on to feconds, thirds, and fourths; and, 


then wrote out to tlie neareft feconds. Inthe ‘pili 
manner were the refpeciive Anomalies and theSun’s 


_diftance i from the Node found, for thefe centurial 


years; and then (for want of room) wrote out only 
to the neareit minutes, which is fufficient in whole 


centuries.— By means ‘oft! refe two. ‘Tables, we may 
find the time of any mean New Moon in March, 
together with the Anoinalies ef theSun and Moon, 


and the Sun’s diftance from the Node, at wens a 


times, within the limits of 6000 years, either’ be- 


fore or after any given year m the 18theentury 5 
and the méan time of any New or Full: Moon in 
any given month after March, by means of. the 


third and fourth Ta’ dies, win the fame limits, as 
fhewn in the precepts tor calculation, 


“Thus i it would be a very ealy matter to calculate 


he time of any New or Full Moon, if the Sun 
jue Moon moved equably in all parts of their 
Orbits.—But we have already fhewn that their 
places are never’the fame as they would be by 
equable motions, except when they are in Apogee 


. or Perigce; which i is when their mean Anomalies 


are beat Hele noth; ne, or fix figns: and that their 


mean places-are always" forwarder than their true 
places, wh de the Anomaly is leis than fix fiens ; 


| “nnd 
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and their true places are forwarder than the mean; 


while the Anomaly is more. 


Hence it is evident, that while the Sun’s Ano-' 


malty is lefs than fix figus, the Moon will overtake 
him, or be oppofite to him; fooner than fhe could 
if his motion were equable ; and later while his 
Anomaly is more than fix figns.— The ereatelt dif 


ference that can poffibly happen between the mean 


and true time of New or Full Moon, on account 
of the inequality of the Sun’s motion, 1s 3: hours 


48 minutes 28 feconds: and that is, when the 


Sun’s Anomaly is either 3 figns 1 degree, or 8 figns 


29 degrees ; fooner in the firft cafe, and later in | 
the laft.—In all other figns and degrees of Ano- © 
maly, the ditference is gradually lefs, antl vanithes 


when the Anomaly is either nothing or fix figs. 
The Sun is in his Apogee on the 30th of Funes 
and in his Perigee on the. goth of December, in 
the prefent age 5 fo that he is nearer the Earth in 
our winter than in our fummer. The proportional 
difference of diftance, deduced from the difference 
of the Sun’s apparent diameter at thefe times, ig 
as g83 to 10r7. sy 
‘Phe Mooun’s orbit is dilated in winter, and con- 
tracted in. fummer 5, therefore the Lunations are 
longer in winter than in fummer. ‘the greateit 
difference is found to be 22 minutes 29 fecands : 
‘the Lunations increafing gradually in length while 
- the Sun is moving from his Apogee to his Perigee, 
and decreafing in length while he is moving from 


his Perigee to his Apogee.—On this account the 


Moon will be later every time in coming to her 
conjunétion with the Sun, oF being in oppofition 


to him, from December tll June, and fooner from. _ 
Tune to December, than if her Orbit had continued 


of the fame fize all the year round. . 

As both thefe differences depend on the Sun’s 
- Anomaly; they may be fitly pat together into one 
‘Table, and called The anniat, or firft equation of the 
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mean to the true * Srrugy (fee Table VI}. This a 


equational difference is to be fubtraéted from the . 


time of the mean fyzygy when the Sun’s Anomaly 
is lefs than fix figns, and added when the Anomaly 


is more.—At the ereateft, it is 4 hours 10 minutes 


57 feconds, wrz. 9- hours 48 minutes 28 feconds,; 
en account of the Sun’s unequal motion, and 22 
mnnutes 29 feconds, on account of the dilatation of 
the Moon’s orbit. 2 | . 
‘Fhis compound equation would be fufficient for 
reducing the mean time of New or Full Moon to 
the true time, if the Moon’s orbit were of a 
circular form, and her motion quite equable in 
it.+Eut the Moon’s Orbit “is more elliptical than 


‘the Sun’s, and her motion in it fo much the more 


unéqual. The difference is:fo great, that the is 
fometimes in conjunction with the Sun, or in op- 


pefition to him, fooner by g hours 47 minutes 54 


feconds, than fhe weuld be if her motion were 
equable; and at other timesas much later—The 
former happens when her mean Anomaly is g figns 
4 degrees, and the latter when it is 2 figns 26 de- 
grees. See Fable EX. : 2 
At different diftances of the San from the Moon’s 
Apogee, the figure of the: Moon’s Orbit becomes 
diflerent.—It is longeft of all, or moft excentric, 
when the Sun isin the fame fign and degree either 
with the Meon’s Apogee or Perigee’; thortett of 


all, or leaft excentric, when the Sun’s diftance 


irom: the Moon’s Apogee is either three fiens or 
nine fens; and at a mean fiate when the diftance 
ine Ee fee ; hk. 1a. 7 ra pe ~ 

is either tr fign 15 degrees, 4 figns 15 degrees, 7 


figus 15 degrees, or 10 figns 15 degrees.— When. 


the iMoon’s Orbit is at its greateft excentricity, her 


apogeal diftance from the Earth’s center is to her. 


perigeal dittance from it, as 1067 is te 933; when 
* The word fyzyey ignifies both the cenjunction and eppo- 


leaft 


fition of the Sun and Meon, 
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leat excentric, as 043 is to'9573 and when at 
the mean ftate, as 1055 is to 945. 

But the Sun’s snes from the Moon’s Pale 
is equal to the quantity of the Moon’s mean Ano- 
maly at the time of New Moon, and by the addi- 
tion of fix figns, it becomes. equal in quantity to 
the Moon’s mean Anomaly at the time of Full 
Moon.—Theréfore, a table may be.confiruéed fo 
as to anfwer allithe various mneananies depending 
on the different excentricities of the Moon’ s Orbit 
in the fyzygies; and called Lhe fecond equation of 
the mean to the true fyzygy (fee Table IX. ) and the 
Moon’s. Anomaly, when equated by Table VIII. 
may be made the proper argument: for taking out 
- this fecond equation of time, which mai be added 
to the former equated time, when the Moon's 
Anomaly is lefs than fix fions, and jubtracted when 
the Anomaly is more. 

There are feveral other inequalities in the Moon’s 
motion, which fometimes bring on the truefyzygy 


a little fooner, and at other times keep it back a 


little later than it. would. otherwife be: but. they 


are fo fmall, that they may be all omitted ‘SareRt 


‘two; the former of which (/ce Tabie X.) « depends 
on the difference between the Anomalies of the 5un 
and Moon in the fyzygies, and the latter (jee 


Table XI.) depends.on the Sun’s difiance from 


the Moon’s: Nodes. at, thefe times.—The greatett 


| difference arifing from the former, is 4 minutes 53 


feconds ; and from the latter, 1 minute 34 fecands. 


ef aving defcribed the Phenomena arifing from the 


inequalities of the Solar end Lunar Motions, we 
fig 72000 frew the TA of thefe inequalities. 


Tn all calculations relating to the Sunand Moon, 
we confider the Sun as: a.moving body, and th 
ikarth as a DpAY( 2 at reft ; fince all ‘the appearances 
. are 
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‘tre the fame, whether. it be the Sun or the Earth | 


that moves.—But the truth is, that the Sun ‘is at 
teft, and the Earth moves round him once a year, 
in the plarie of the Ecliptic. Therefore, whatever 


fign and degree of the Ecliptic the Earth is in, at 
any given time, the Sun will then appear to be Mm 


the oppofite fign and degree. , jot 
- The nearer that any body is to the Sun, the 
more it is attraGted by him; and this attraction 
increafes as the fquare of the dift:nce diminithes ; 
and vice verfd. . 

- The Earth’s annual Orbit is’ elliptical, and the 
Sun is placed in one of its focufes. The remoteft 
point of the Earth’s Orbit from the Sun is called 
The Earth's Aphelion ; and the neareft point of the 
Earth’s Orbit to the Sun, is called The Earth’s Pe- 


‘rihelion.—When the Earth is in its: Aphelion, the 


Sun appears to be in its Apogee; and when the 


- Jarth is in its Perihelion, the Sun appears to be ~ 


in its Perigee. Sonat 

As the Earth moves from its Aphelion to its 
Perihelion; it is conftantly more and more attracted 
by the Sun ; and this attraction; by confpiring in. 
fome degree with the Earth’s motion, mutt necef= _ 


‘farily accelerate it. But as the Earth moves front 


its Perihelion to its Aphelion, it is continually 
Jefs and lefs attracted by the Sun; and as this at- 
traction ais then juft as much againit the Earth’s 
thotion, as it aéted for it in the other half of the 
Orbit, it retards the motion in the like degree.— 
"vhe fafier the Earth moves, the fafter will the Sun 
appear to move; the flower the Earth moves, the 
flower ig the Sun’s apparent motion. 

The Moon’s Orbit is alfo elliptical, and the Earth 


_ keeps conftantly in one ofits fooufes —The Earth’s 


attraction has the fame kind of influence on the 
Moon’s motion, as the Sun’s attraction has on the 
motion of the Earth: and therefore, the Moon’s 
motion inuft be continually accelerated while-the 
wd is 


‘ 
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is pafling from her Apogee to her Perigee ;_and as 
gradually retarded in moving from her Perigeé 
~ to her. Apogee. — | 


At the time of New Moon, the Moon is nearer 
the Sun than the Harth is at that time, by the whole 
femidiameter of the Moon’s Orbit ; which, atamean 


fiate, is 240,000 miles; and at the Full, fhe is as 


much farther from the San than the Earth then is. 


»+-Confequently, the Sun attracis the Moon more 


than it attraéts the Earth in the former cafe;anad 
lefs in the latter. The difference is greatell when 
the Earth is neareft the Sun, and leaft when it is far- 
theft from him: ‘The obvious reiult of this is, that: 
as the Earth is neareft to the San in winter, and 


’ farthe? from him. in fummer, the Moon’s Orbit 


BOY 


‘muft be dilated in winter,’ and contracted m 


fummer. | aan 
Thefe are the principal canfes of the difference 


Sun and Moon. As tothe other two differences, 


wiz. thofe which dépend on the difference between 
the Anomalies of the Sun and Moon, and upon the 
Sun’s diftance from the lunar Nodes, in the fyay- 


gies, they are owing to the different degrees of 


attragtion of the Sun end Earth npon the Moon, 
at ereater or lefs dillances, according to their re- 


* fpettive Anomalits, and to the polition of the 


~Mooii’s Nodes with refpeét to the Sun. 


If ever it fhould happen, that the Anorralies of 


both the Sun and Moon were either nothing.or 5x 


fiens, at the mean tine of New or Full Moen, and 
% 
t 


the Sun fhouid ther be in ecnjunétion with either 
of the Moou’s Nodes, ail tie above-mentioned 


equations would vanuh, aya ihe mean and true 
time of the fyzygy would comcide. But if ever 


cs 


this circemfiance did happen, weeannot expesi the 


like again in, many ages alterwards. 
Livery 
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3 Every 4gth Lunation (or Courfe of the Moon 


‘from Change to Change) returns very nearly to the 

fame time of the day as before. For, in 49 mean . 
' Lunations there are 1446 days 23 hours 58*minutes — 
29 feconds 25 thirds, which wants but 1 minute 
"30 feconds 34 thirds of 1477 days. : 

In 2953059085108 days, there are 100000000000 
mean Lunations exaétly: and this is the fmallett | 
number of natural days in which any exact number 
of mean Lunations are completed. | | 
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the utmeft Limits : ari Aad Oo memes 
of Eclipfe 5 , “gat: 0 
pies . 16 2386 30137 40] 2 33 6 “- 


if 


Precepts rélative to the preceding Tables. 323 
Lo calculate the true Lime of New! or Full Moon. 


Precepts, 
: I. 
Tf the required time be within the limits of” 
_,the 18th: century, write out the mean time of 
New Moon ia Afarch, for the propofed year, from 
Table I. in the Old Style, or from Table IL. -in 
‘the New; together with the meau Anomalies of 
the Sun and Moon, and the Sun’s mean Diftance 
from the Moon’s Alcending Node.—If you want 
the time of Full’ Moon in March, add the half 
Lunation at the foot of Table ILL. with its Ano- 
malies, &c. to the. former numbers, if the New ie 
Moon falls before the 15th of March ; but if it ‘ 
falls after, fubtraét the half Lunation, with the 
- Anomalies, &c., belonging to it, from the former - * 
numbers, and write down the refpective fums, or 
remainders, ridisipa” 
bit F IL ont . : 
In thefe additions or fubtraStions, obferve, that es 
60. feconds make a minute, 60 minutes make a° 
degree, 30 degrees make a fign, and 12 figns make 
a.circle. When the fum exceeds 12 figns in 
_ addition, reject 12, and fet down the remainder.— 
“When the number of Signs to be fubtraéted is 
greater-than the number to be fubtra@ed from, 
add 12 figns to the lefs number, and then, the 
Temainder is to be fet down.—lIn the Tables, — 
figns are marked thus‘, degrees thus°, minutes — 
sthus’, and feconds thus”. 
Pa | Il. : 
©’ When the required New or Full Moon is in any” 
‘given month after Afarch, write out as many 
-Lunations, with their Anomalies, and the Sun’s’ 
‘diftance from the Node, from. Table III. as the 
‘Biven month is after ALarch ; fetting them in order 
‘below the numbers taken. out for Warch.: rhe 


‘ ¥ +4 oa ) j IV, ; ab 


324 


before the hours, minutes, aad feconds, already a 


under the given month, add one Lunation and its — 


‘faums, and’ then will be obtained a new fum of 


ie ie ilcn: Add, or. Sublr act,-at the head or fuot of the 


Precepts relative to the schon ae . 

IV. 
Add all hia together, and they had give the 
mean time of. the ‘required . New or Full Moon, 


_.with the mean Anomalies, and the Sun’s mean dif- 


tance fromthe Afcending Node, which are the 
Arguments for finding the proper Equations, 


ye 
With the number of days added together, enter 
Table IV. under the given month, “and againtt k 


that number is the day of mean New, or Full ~ 
Moon in. the left-hand , column, ahiele fet 7 


found. 2, 
But, (as it will fometimes happen,) if the. fajd ; 
number of- days fall fhort, of any in the column’ ~ 


“Anomalies, &c. (from Table III.) to the forefaid 7 


days wherewith to enter Table IV. under the © 
given month, where you are fure to find it the © 


fecond time uf the firft falls fhort. 


- 


VI. \ 


With the fens and degrees of the Sun’s Ano-- ‘i 
maly, enter Table VII. ae therewith take out 
the annual or. firft Equation for reducing the 

. mean Syzyey to the true; taking,care to make 
“proportions in the ‘Table for the odd minutes and 
“feconds of Anomaly, as the table gives the Equa- i 


| ‘tion only to whole degrees, 


~ Obferve, in this and ev ery other cafe of finding | 
Equations, that if the figns are at-the head of the” 
Table, their degrees are at the Jeft hand, and are” 
reckoned downward. but if the fiens are at, the 
foot of the Table, their degrees are) atethe right 
hand, and are counted upward; the. equation. bes 
mg in the body of the:Lable,: under or over the 
figns, in. a callateral line with the degrees—The 


‘24 | peg Tables 


Precepts relative to the preceding Tables. 


| Tables where ‘the figns are found, thew whether 


-» the Equation is tobe added to the mean time of» 


New or Full Moon; or to be fubtraéted from it. 


In this Table, the Equation is to be fubtracted, 


if the figns of the Sun’s. Anomaly are found at 
the head of the Table; but it is‘to be e aaed if 
the figns are at the foot. 


VI? it, 40. 2%; 


With the fiens and degrees of. the Sun’s mean 


Anomaly, enter- Table VIII. and take out the 


. Equation of the Moon’smean Anomaly; fubtraét 


this Equation from her mean Anomaly, if the figns 
_. of the Sun’s Anomaly be at the head of the Table, 


but add it if they are at the foot; the refult will — 


be the Moon’s equated Anomal y, with which 
enter Table UX, and take out the fecond Equation 
for reducing the mean to the true time of New 
or Full Moon ; adding this Equation, if the figns 
of. the. Moon’s Anomaly are at the head of the 
Table, but fubtraéting it if they are at the foot, 
and the refult will give the mean time of the 
required New or Full Moon twice equated, which 
will be fufficiently near for common almanacks. 
—But when it is required to. calculate an Eclipfe, 
the following Equations muft be ufed: thus, 


VIL. 


Subtraét the Moon’s equated Anomaly from 
» the Sun’s mean ‘Anomaly, and with the remainder 
/in fiens and degrees, enter Table X. and take 
out ‘the third Equation, applying it to the for- 


mer equated time, as the titles ddd, or Subiratt, 
do direct, 


. ae (b- | 
_. With the Sun’s mean. diflance from. the 
afcending Node enter Table XI. and take out the 
- Equation anfwering to that argument, adding it to, 
or fubtracting it from, the former equated time; as 
, 4 ¥...33 vi dierhvit RO 


\ 


\ 


Ly 


\ 


2G of Precepts and Examples. ec: | 
the titles direét, and the refult will give the time of New or Full 
Moon, agreeing with well regulated clocks or watches, very) 
near the truth. But, to make it agree with folar, or apparent 
time, apply the Equation of time, found in the Table (from) 
page 163 to page 175) as itis Leap year, or the firft, fecoud, 


or third after, 


The method of calculating the time of any New or Full Moor | 
without the limits of the 18th century, will be {hewn further on, 
Anda few Examples, compared with the Precepts, will make the 
whole work plain. | ping MONE 

N.B. The Tasixs begin the day at. noon, and reckon forward 
from thence to the noon following.—Thus, March the 2 1ft, at! 
22 h. 30 min. 25 fec. of tabular time, is April. wt (in common: 
reckoning) at. 30 min. 25 fec, after vo o’clock in the mornin g. a 


= aes " ns I IO EET Rae = - 


| cy Ve he ASML tee It i 
- Required the true time of New Moon in April 1764, New Style?’ i 
By the Precepts. New Moon, Sun from Node. | | 


{ 
ia 


Sun’s Anoim. Meon’s Anom. 


ae Miho hand AN Sse Os 


Ay 4 “ f an © 


8 1) 2-20.00)/20.13°35) 21] 11 4 54 48} 
029 6 19 | 0 25 49 ‘0| 1 © 40 14]) 


| Mareh 1764 - - | 
Add 1: Lunation - 


2, 8 55 36 
29 12 44. 3 


Ceres, 


ae 


51 22 39 39 {9 1 26-39 111 9 24 21] 0 5 35 of 
+ 4 10 go [1P 10 59 18 |} 4+ (1°34 549] | a 

7 ~Sun from Nodey 
32 1°50 19] 9 20 27 2} 42 10 59,18} and Arg. qth 
— 3.24 49 | Arg. 3dequatJArg. ad equat.; equation. 


Mean New Moon - 
1} Firft Equation. - 


ye | 


Time once equated 
Second Equation - 


es twice equat, |. 
{ Tbird Equation | - (e WERNER o0 > ae 
| So the mean time is 23 h. 30m. 25 fee. 
after the noon of the 31ft March; that is, 
April ift. at 30 min. 25 fec, after Xin the | 
’ morning. But the apparent time ig 26 min. | 


es 


Time thrice equat. |: 
Fourth Equation 2 


(True New Moon - |: 


| Equation Bs BOLE 37 fee. aftér X inthe mormug, | 


‘Pp Apparent time -|31 22 96 34 


bu. eeEEEEe ee ee ee 
u -— * a a alae SRT en aL NRE ae BP As a 


4 i 
% — FTE Pp r- aE ERNST lepeapepeeat tree 
a i eB AIT eR SB et a 2 RE 


relative to the preceding Lables. | ga%/. 


fo. hs EXAMPLE Woo: ) 
Required the true mean time of Full Moon in May 1762, Old Style? 


s sigh pubs 4 LB , 
By the bed a New Moon. Sun’s Anom. {| Moon’s Anom. | Sun from Node. 
7 ailrnhgh reabiiacie sll. hand Had Sa) fase EA aR ASSIA ER 
Dey MSs en ee Sol, OTS RT arr 


i 
Si 
if 
| 
| | : 
i —_&——-_—_---—} 


24°15 18 24 | 8 23 48 16] 1 23 59 11 f10 18 49 14 
59.: 2 .98°° G6) 1-98 199911 29 38 722 1 *90°98 


— 


‘March 1762 ont it 
Add 2 L unations - 


_ 


iN N-w Moon, May - j22 16 


46 30 10.22 055 | 3.15 37-12 |0 20 g 42. 
Sub. } Lunation - 


29.2.1 0 14 33°10.) 6/12°54530 |) 015,20 1.7 


ee cee 
\ 


24.28 10 7 27 4519 242 42/)0 4 49 35 

10496. 1 0. 13.57 23 jako) Uae 133 

4 -—|- _—__|-+ + Sur from Node} 
ime once equat. 141 41/1 °3 3030/9 3 57:15 | and Arg. 4th 

Becond Equation - 9 47-53 jArg.jd.ecquat./Arg. ad equat., equation, 


pull Moon, May - 
Firit Equation - 


Nae 


Time twice equat. 


. py ou - 


Zs be 5 Be ob Air hy Nig oy me 
— 2 36| Anf. May 7th at 15h. 50 m. 50 fee. paft | 


‘noon, viz. May 8th at Wh. 50 min. 50 fee. 
745 5° 35"! ja the morning. » . 


4.35 


Maine eae equat. 
Rourth Equation - |. 
Mean time Full CSR 
a —_ a £18.52 9° 


1 calculate the time of New Bi Full Moon ina given year and 
| month of any particular century between the Chri iia ALTa ane, 
the 18th centur Yy. 


—= 


Precepts. 


I. 


Brinda year we the fame number in the 18th centur y with that | 

the year in the century propofed, and take out the mean Time . 

o& New Moon in March, Old Style, for that Year, with the mean 

i Anomalies and Sun’s mean. Difiance from the Node a at that time, 
As as already taught. : 
¥ . IT. 

Take as many complete. centuries: of years ee Table VL. as . 
when fubtracted from the abovefaid year in the 18th century, will 
infwer to the given year ; and take out the firft mean New “Moon 
ud its Anomalies, &c. belonging to the faid Centuries, and fet 


as below thofe taken out for Aferch in the 18th century. 
. | v4 aaa weer 2S 


= oe 
. ‘ : e, 


328 —'Précepts anil Examples. - i 
. Subtract the numbers belonging to thefe centuries, from tho 
of thé 18th century, and the conthedivdlite will be the mean tim! 
and_Anvumalies, &c, of New Moon in March, in the given ye 
of the century propofed.—Then, work in all refpects for the tr 
time of New or Full Moon, as fhewn in the above Precepts a 
Examples. - | | 
xampl Bead | 
i, If the days annexed to thefe centuries exceed the number 
days from the beginning of Afarch taken out in the 18th centur 
add a Lunation and its Anomalies, &c. from Table IL. to the Tig 
and Anomalies of New Moon, in AP anchs and then proceed 1 ing 
refpects as above.—This circumitance happens in Example Va 


"a 

ca 

a 

; a y 

; PAG ates nee : Sei 7 
Required | the true mean time of Full Moon in April, Old Style, A.D. 301 

4 

From 1730 fubtract 1700. (for 17 centuries) and viii remains 30, | 

‘ : , J : 7 a 4 
: By the Precepts. New Moon. Sun’s Anom. Moon’s aa ‘Sun from Nod ne 
: Mareh 1790 - «- 1 23°97 6 
‘Povdd 4 Lunation -~ 20 | 
' Full Moon -° - - | 41 Ma 13 26 47 | 2 8°94 292 


f 3700 years fubtr. +]! 10 29 36 0} 4°29; 23. ¢ 


} Fall ). Mar. A.D. 309] « 


| 413504719 9 14°9 
Add 1 Lunation - O 6) 


25 4g; @] 1 40 14 


‘ ; 
*'Full Moon, April - 10,2 58 0 | 5 9 39.47 10 9 54 x 
4 Hirtt Equation § - 5116 58 40 iting 1.18 5 
He | — Sun fro. Nov 
| Time once equat. - 4 21°59 20'| 5 10 58 40 and Arg. 4 
‘{ Second Equation - 5 Arg. 3d equat. ANE: ed equat: ‘queda 


fF aime twice equat. 
i Third Equation - 


i 


Hence it appears, that the mean time o} 
“Full Moon in Apri, A. D. 30, Old a 
“was on the 6th day, at 95 mii fec, pati 


~ 


i "Time thrice equat. 


} Fourth Equation» < [OVE a inthe evening, 1 [7 
Rig time Full? fj | iit 


4 Moon, iis ne Oy S slo dt wadad ra 


a | 


a 


relative to the preceding Tables. | . , 929 


To calculate the mean time of New or Full Moon in any given ah 
4: year and month before the Chriftian Mra, “ww 


i PRECEPTS. 
Find a year in the 18th century, which being added to the. 
given number of years before Chrift, diminifhed by one, fhall make - 
a number of complete centuries. wecnne! 

Biaphriere ns Pies 

_ Find this number of centuries in Table VL, and fubtract the Time 
and Anomalies belonging to it, from thofe of the mean New Moon 
in March, of the above-found year of the 18th century ; and the 
remainders will denote the ‘Time and Anomalies, &c. of the mean 
New Moon in March, the given year before Chrift.—Then, for the’ 
true time thereof in any month of that year, proceed in the 


: 


manner taught above. 


\ 


a 


| Bsa AMPLE. CI. . 

i Required the mean time of New Moon in May, Old Style, the year. before 
| Chrift 585? 

The years 584 added to 1716, make 2300, or 23 centuries. 


5 By-the Precepts, e@ New Moon. ' San’s Anom. — Moon’s Anom. { Sun from Node. 


| 
| 
| 


my Ure 
; 


D: He M. 8. 


~ 
& 
s 
& 
& 


. March 1716 =) -|1127 33 29 | 8 22°50 39 2 on 
Hio300 years fubtr.-) 12 5 57 5311119 47 9 3 


Sin 


Mar. bef. Che. 585 
Add 3 Lunations - 


O-F1' 85° 36 


{May bef. Chr. 585 


‘Firit Equation — - 

‘ 4 | | 

? ‘Time once equat. - pi RA AE AO°T 5° PS AL - 27. and Arg. 4th 

; Second Equation -|+' 2 14 58 Arg. 3d equat./Arg. ad equat.) equation. 


. | Time twice equat. | 28 4 
(Third Eqn ¥ | _ + 113] So the mean time was May. 28th, at 
| 2 minutes 31 feconds paft IV in the after- | 
noon, | ny 


“Time thrice equat. 
oH Fourth Equation E 


; True New Moon - 


33° | , Precepts and Examples ‘a ie ” 
Thefe Tables-are calculated for the meridian of London; bu 
they will ferve for any other place, by fubtracting four minut é 
from the tabular time, for every degree that the meridian of th 
‘given place is weftward of Loudon, or adding four minutes fo 
every degree that the meridian of the given place is eaftward 
as in | . | iit 


j 


EXAMPLE VY. 


‘Required the true mean time of Full Moon at ALexanpnra in Egypt, long 30°,” 
21’, 45” E. in September, Old Style, the year before Chrift 201 ? 


<a 
¢ 


‘The years 200 added to 1800, make 2000, or 20 centuries. 


! 


zt 


fh . By the Precepts. New Moon. Sun’s Anom, Moon’s Anom. } Sun from Node. 
D. H. M. Si s.0." $2.0) | seo. 


13 © 22 17/8 93 19 55 |10 7 52 36 [11 


|March 1800 - - 358 24° 
; Add 1 Lunation -| 29 12 44 31 0 29 6 19 0 25°49 0.1 FF: 0 46 14 
From the Sum | - 42-13 6 20} g 22 26 14/11 “8 41 36 Oo 4 38 38) 
| Subtr. 2ooo years | 27 18 9 19} 0 850 0} 0 15:42 0 | 6 97 45 Qa 
| N. M.hef.Chr. 201. 1418 57 Ig 13 36.14 {10 17 59.36] 5 6.53 38 | 
Kad: 6 Lunations, W774 24.181 5 24'g7 56] 5 4 Bap IRO pyaey 2 24. 

. half Lunat. 14.18 22 0.15.90." 7a 
Full Moon, Sept. - 11.26 15 


Firft Equation -- 


| Sun. fro, Node 
2) 5 18 27 28 j10. 4 19 52-| and Arg. ath 
4\Arg. 3d equat.)Arg. ad equat,) equation, 


Time oncé equat; 
| Second Equation - 


Time twice equat. 
{| Third Equation. - 


a 


ade ho en | 

“i _ Thus it appears, that the true mean time 

22 5 24 10} Of Full Moon atAlexandria, in September,” 
— 19} Old Style, the year before Chrift-201, was 
the 22d day, at 25 min. 25 fec. after Vu 

22 5 23 58! in the evening. 7 ey 
a a. 2 ab nds a 

H 


Time thrice equat. 
Fourth Equation - 


Tr. time at London 
| Add forAlexandria 


‘| True time there - 


a relative to the preceding Tables. 331 


<a tare me 


Be oe bys; EXAMPLE VI 


Peutred the trne mean time of Full Moon at Banyron, long 36°, 257, 15”, E 


_ 4007 before the year of his birth Z- 


ce. The year 4007 psa to.1793, make 5800, or 58 centuries., 


~~ 


By the Precepts. 


ee 


(DH OL.US.))s) ‘of Bie oO oP Segoe: 


~ 


o 


y 
| 
. 


farch ite Ce 


390 9 13-55) 9 10 16 11/8 7 97°58 14 6.18 26 
ibtr. 5800 years - 9 


15 12 38 710 21 35 0) 6 24 43 0 aye Re 


7 5 4810 18 41 11 | 1 12:54 58 | 9 93 17 26 
200-17 8 21) 6 23-44 1516 0 43.317. 4 41 38 
14°18 22 0 14 33 10] 6 12 


VM. bef.Chr. 4007! 14. 20 


7 Lunations 
| ad } half Lunat. 


a 


: Moon, October 


. V1 5 2 A Sie 26 PQ 12.19 11 
irft “quation - x ma 3 5 13 19 


6 58 
or 8) i SL 


aa Sun fro. Node, 
52 421-4 0-31 10} 1 26.97.96 | and Arg. qth} 
18)Arg. 3d equat. Arg. 2d equat.| equation. 


fie once equat. 
second ‘Equationis ~|. 


* 


‘al \ 
fine twice equat. 


: Equation _ 


So that, on the meridian of London, the 
true time was October 23d, at 17 min. 2 fec. 
pat LV in the morning; but at Babylon, 
the true time was October 23d, at 42 min. 


‘ime thrice equat. 

perth nse . 

40 fec, paft Viin the morning. ‘This is 
fuppofed by fome to have been the year of | 
the Creation. 


rf Paalsshede i, frue time of Nar or Ful ull Moon im any given 
: Heat and menth after the 18th century, | 


. Precepts. 
phe I, 


Rind a year of the fame number inthe 18th century with that of 


e year propofed, and take out the mean Time and Anomalies, &e. 

New Moon in Afarch, Old Style, for that year,.in Table lL” 
If. 

Toke fo many . years from Table VL. as, when added to the 

jove-aicationed year in the 18th century, will anfwer to’ the 

; elven 


“New Moon. Sun’s Anom. Moon's Anom. |} Sua from Node. 


fe Mt a "3 ?) Mw ¢ Fa es 


54 $0 | 0 15 20 7 


in October, Old Style, the 4oo8th year before the firdi year of Curift, or 


&% 


by 


, ) 
\ 


BAR tT tie REN Eo her Brom pies 20 oan 
given year + in which the New or Full Moon is required : and cal 


out the firft: New Moon, with its, vifnomalics, Lt abet comp 
centuries, iy 8 es " 


Die MAN 
Add all thefe together, and shies eiikecs m mei refpedis-a as thew 
above, only 1 rememben to fubtratt a Lunation and its Anomalie; 


when the above-mentioned addition carries the New 
beyond the 31ft of M arch ; as in the following Example : : 


rs) 


’ ¢ ing 
bs “EXAMPLE. VII. 
oF Mata ee thet true mean time of New Moon i in July, Old Style, AS D. 218¢ a | 


Four centuries (or 400 years) added to Ay D.1789,) make 2180. 


- 


By the Precepts. ‘ New Moon. -Sun’s Anom. { Moon’s Anom. | Sun from Né 
3 D. He MoS) Bias! S. OF, nm Si Gam 
March hee - 7} 293 23.1 44,9 4 18 13] 11210 7.47 11028" a1 
Add: 400 YERTs -| 17 8 43: 2G] 0°13 24 0 


a te 


el 


| Bren the fum- -"} 
/Subwr . 2 Lunation - 


4207 45 25 O 17.42 13. [11.22 95.47/15) Glam 
29 12.44 10299 6 ig : ’ 

Sew } March 2180 1a, 8g 8a! toln8 18 9R: 6d 
f Add 4. Lunations 118 2 56 191 3 26 25 17 


i 
es - hs we ~ ees re 
. a g _ 
PEI SEAT RC RS irae - 
ee ee ne he Nae cee tt ee nea SNE ETN SHEE YS EET SE 


f New p July 2180 - 
Bi Firtt Equation -  - 


{Time once equated 
h second Equation -- 
| Time twice equat. 
f) Ehard Equation -} 


True mean timé, July 8, at 22 mi 
53 feconds pait VI in the evening. | — 


Ze) 


Time thrice equat. | 
Fourth Equation: - . 


i. 2) 


True time fine oes 


’ 


ak same r= ae 


* 


relative to the preceding Lables. 


In keeping by the Old Style, we are always 
fure to be right, by adding, or fubtracting, whole 
hundreds of years to or from any given year in 


the 18th century. | But in the New Style we may. 


be very apt to, make- miftakes, of account of 
‘the Leap Year’s not coming in regularly every. 
fourth year: And, therefore, when we go without 


the limits of the 18th: century, we had beft. 
keep to the Old. Style, and. at the end of, the | 


calculation reduce the-time to the New.. Thus, 
in the 22d century,’ there will be 14 days dit 
ference between the Styles; and therefore, the 
true time*of New Moon in this laff. Example 
being reduced to the New Style, will be the 22d 
of July, at 22 minutes 53 feconds peft VI in the 
evening. | } 


x 


/ 


To calculate the true place of the Sun for any given 
aa moment of Lume. 


PRECEPTS. 


a 


bce ope 


Yn Table XII. find the next lefs year in num- 
ber o° that in which the Sun’s place is fought, 
and write out his mean Longitude and Anomaly 
anfwering thereto: ’. to which add his: mean 
“Motion and Anomaly for the complete refidue 
of years, months, days, hours, minutes, and fe- 
conds, down-to the given time, and this will be 


+ 


the Sun’s mean place, and Anomaly at that time, _ 


in the Old Style, provided the faid time ben 
any year after the Chriftian era. See the finft fol- 
lowing Example. | mas 


mG : 
Enter Table XU with the Sun’s mean Ano- 
maly, and making proportions for the odd minutes 


and 


“ 


' . , = 
i ‘ s% 


3 ci oe : oe Precepts and Examples 


and feconds thereof, take out the Equation of — 
. the Suan’s center: which, being applied to his 7 
mean Place, as the title Add, or Subtrad, direéts, 
' will give his true Place or Longitude from the 
Vernal Equinox, at the time for which it was 
required. OF G 
IIT. 
Fo calculate the Sun’s place for any time in 
@ given year before the Chriftian wera, take out 
his mean Longitude and Anomaly for the fir year’. 
thereof, and from thefe numbers, fubtra& the mean 
Motions and Anomalies for the complete hundreds 
~ or thoufands next above the given year; and, to 
the ‘remainders, add thofe for the refidue of years, 
months, &c. and then work in all refpecis as above. 
See the fecond Example Sollowing. ° 


\ 


EXAM. 


relative to the preceding Tables. 295 
ey ne SING } | 
Required the Sun’s true place; March 20th, Old Sty rle, wie, at 29 hit 20 


| minutes 25 feconds palt noon ?—In conimon reckoning, March aift, at 10. 
: hours 30 nninutes 25 fevonds in the forenoon. 


U 


Sun’s Longitude. |. Sun’s Anomaly, 


— + 


8 ‘ uw ‘ tt 
| — eae ———— —| 
To the radical year after Chrift e POET 1 900 49 Ue Oe te oe 2 
| re r@) ; 2 9) 

\Add complete years - - - vl i Seed See ase Emer | o 
a +p. | SU SME POOINIG) MOL Tat Aregs Wns) oO 
' oe f Mare) 9k) G8 lhd 1k. AB. ‘og oo 
Bifextile, Days - - 20 20044 RR Tage) Wan + 

: Hours - =" 22 . 54 13 54 134 

Minutes’ - 30. os VN Lay ie) oe 

Secouds - 25 1 ‘s ; ae 

. DEER id Oia a AN ae 

Sun’s mean: place atthe giventime - | 0 10 14 36) 9 1 o7 ad & 
Equation of the Sun’s center, add - - Te) RRS Cem Bi! Anomaly : 

Ban” s true place at the fame times - Ox! HQ) Losi Zor wae fo 7 


“s EXAMPLE: IL. 


Required the Sun’s true place, October 23d, Old Style, at 16 nee 57 minutes || 
-patt noon, in the goo8th year before the year of Chrift 1; which was the } 
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Concerning Eclipfes of the Sun and Moon. ~ 


Re tan: Fae - : oe RD a, 
So that in the meridian of London, the Sun was 
then jaft entering the fign = Lzbra, and confe- 


quently was upon the point of the Autumnal 


Equinox. - | | 

If to the above time of the Autumnal Equinox 
at London, we add 2 hours 25 minutes 4 feconds 
for the longitude of Babylon, we fhall have. for 
the time of the fame Equinox, at that place, 
Odober 23d, at 19 hours 22° minutes 41 feconds ; 
which, in the common way of reckoning. is Odtober 


 gath, at 22 minutes 41 feconds paft VII in the 
morning ™. 


And it appears by Exam ple VL that in the fame 
year, the true time of Full Moon at Babylon was. 
Oflober 23d, at 42 minutes 45 feconds after VI in 


on the day next afterthe day of Full Moon.—The 
Dominical letter for that year was G, and confe- 


quently the 24th of OGober was on a Wednefday. | 


Owe : . 

* The reafon why this calculation makes the Autumnal 
Equinox, inthe year of the Fulzan Period 706, to be two days 
fooner than the time of the fame Equinox mentioned in page 


_ 253. is, that in ¢hat.page only the mean time is taken into 


the account, as if there was no Equation of the Sun’s motion. 
‘The Equation at the Autumnal Equinox then, did not 
exceed an hour and a quarter, when reduced to time. But, in 


the year of Chrift 1756, (which was 5763 years after,) the . 
Equation’ at the Autumnal Equinox amounted to 1 day 22 © 


hours 24 minutes, by which quantity the true time fell later 
than the-mean.——So that if we confider the rue time of this 


the morning; fo that the Autumnal Equinox was ° 


jaft-mentioned Equinox, orly as mean time, the mean Metion _ 


of the Sun cartied thence back to the Autumnal Equinox m 


the year of the Fulzan Period 706 will fix it to the 25th of - 
* O&ober in that year. ie es Aa, 


a 


* 


~ 


: ; Be es ee 


Concerning Eclipfes of the Sun and Moon. 


ce Jind the Sun’s pe ae He Moon's s afcending 
Node, at the time of any given New or Full Moon; 


and confequentl ly,.to know whether there ts an 


Evclipfe at that time or not. 


The Sar’s mean diftance from the Moon’ 15 


alcending Node-#is the argument for finding the 
Moon’s fourth Equation in the Syzygies, and 
therefore it is taken into all the foregoing Examples 
in finding the times of thefe Phenomena.—Thus, 
at the time of mean New Moon in April 1764, the 
Sun’s mean Diltance from the Moon’s afcending 
Node is, of 5° 35 2%. See Example 1. p. 326. 

_, Lhe defeending age fut is oppolite to the afcend- 
ing one, and, therefore, they are juft fix Signs 


_ diftant from each other. ‘4 
When the Sun is within 17 degrees of either of 


the Nodes at the time of New Moon, he will be 


': eclipfed at that. time: and when he is within 12 


degrees of either of the Nedes at the time of Full 


Moon, the Moon will be then eclipfed.—Thus we 


find, that there was an Eclipfe of the Sun at the 


time of New Moon in April 1764. 


But the true time of that New Moon comes out 
by the Equations to be 50 minutes 46 feconds 


later than the mean time thereof, by comparing | 


thefe times in the above Example: and, ther efore, 
we muft add the Sun’s motion from the Node 


during that interval to the above mean Diftance 


0° 5° 35° 2”, which motion jis found: in Table db 


for 50. minutes 40 feconds, to, be 2’ 12%. And to 
- this we muft apply the Equation of the Sun’s 


mean Diftance from the Node, in Table XV. found 
by the Sun's Anomaly, which, at the mean time 
of New Moon in Example Pis ay ae odie Cee 
and then we fhall have the Sun’s true Diftance 
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from the Node, at the true time Gr His Moon, on 


z Ag 


| Elements for Solar petinis 


‘Sun from Node, 
s Ve] C ra 
At the mean time of New Moon in toi Me. 
April 1764 Gah hahha Wee ok ° 5 35 
Sun’s motion from the [50 minutes — 2 10 
NGde TOn <0 oe oe = $46 feconds Mion 
 Sun’s mean diftanee from Node at 2 ? gh 
true New Moon -‘ - ne SON te? 
Equation of mean diftance from or 
Node,ad@d .-- - - 4 “J 5 
“Sun's true diftance from the ‘af- « shi 
cending Node - - - = 7) 4%) 18 


which, being far within the above limit of 17 
degrees, fhew's that the Sun muft. then be eclipfed. 

‘And now we fhall thew how to project this, or 
any other Eclipfe, either of the Sun or Moon. 


To proje& an Eclipfe of the Sun. 
In order to this, we muft find the ten following 
Elements by means of the Tables. 
1.' The true time of conjunction of the Sun and 
Moon; and at that time, 2. The femidiameter of 


the Earth’s dife, as feen from the Moon, which is 


~. equal to the Moon’s horizontal parallax. 3. The 


Sun’s diftance from the folftitial Colure to which 
he is then ‘neareft. 4. The Sun’s declination. 
s. The angle of the Moon’s vifible path with the 
Ecliptic. 6. The Moon’s latitude. 7. The Moon’s — 
true horary motion from the Sun. 8. The Sun’s | 
femidiameter. 9. The Moon’s. 10. The femi- | 
diameter of the Penumbra. 
We fhall now proceed to find thefe Elements 


for the Sun’s Eclipfe in April 1764. 


L : 
To find the true time of New Moon 
. This, by Example I. p,-326, is found to be on 


_. the firt day of ihe faid month, at 30 minutes 25 


feconds after X in the morning. 


IL Te 


Elements for Solar Eclipfes. 


08 : 

To find the Moons horizontal parallax, or femi- 
diameter of the Earth's difc, as feen From the 
Moon. 

Enter Table XVII. with the figns and degrees 
of the. Moon’s Anomaly, (m vaking proportiong: 
becaufe the Anomaly is given in the Table only to 
every 6th degree,) and thereby take out the 
Moon’s horizontal parallax ;| which, for the above 
time, anfwering to the pele ts 9 Ae a1, 


is 54’ 43”. : 
net II. ae 
- To Jind the Sun’s diftance from the neareft ‘Solftice, 


viz. the beginning of Cancer, which ts 3° or go® 
From the beginning of Aries. 


It appears by the Example on page 335 Flee 
_ the Sun’s place is calculated to the above time of 
New Moon) that the Sun's longitude from the 
beginning of Aries is then o° 12° 10’ 7”, that is, 


the Sun’s place at that time is Aries, 12° 107 7”. 
| ‘y § ° 4. th 
Therefore, from af oa ET rt Qo Oy Die 


Subtract the Sun’ slongitude, or place 0 12 10 7 


ot 


Remains the Sun’s diftance from ) 
the Solftice5 -  - = ie Pann we 
Or 77° 49 53”; eachfign containing 30 degrees. 


Vi ae 
To find the Sun's declination, 


Enter Table XIV. with the figns and degrees 
of the Sun’s true place, viz. 0° 12° and making 
‘proportion for the 10’ 4”, take ont the Sun’s 
declination anfwering to his true place, and it will 


be found. to be a4 ? North. 
‘ pe) ¥ V. To 
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_motion from the Sun. 


Elements for Solar Eclipfes.. 


Ics 
To find the Moon’s latitude. 


2 wal 
ee Pee ey ey 


‘This depends on her diftance from her afcending 


Node, which is the fame as the Sun’s diftance from 


it at the time of New Moon: and with this the | 


Moon’s Latitude is found in Table XVI. 


_Now we have already found, that the Sun’s 


equated diftance’from the afcending Node, at the 


time of New Moon in April 1764, is 0° 7° 42° 14%. 


See page 338. | 


Therefore, enter Table XVI. with o § ens at the | 
top, and 7 and 8 degrees at the left hand, and _ 


take out 36’ and 39”. the latitude for 7°; and _ 


41’ 51%, the latitude for 8°; and by making pro-_ 


portion between thefe latitudes for the 42’ 14” 


by which the Moon’s diftance from the Node 
exceeds 7.degrees; her true latitude will be found 


to. be 40° 18” North afeending. 


i ge 


To find the Mfoon’s true horary motion from 


the Sun. 
. ° ° ¢ 
With the Moon’s Anomaly, viz. 11° 9° 24 


21, enter Table XVII. and take out the Moon’s- 


horary motion; which, by making proportion in 
that ‘Table, will be found to be 30’ 22%. Then, 


with the Sun’s Anomaly, 9° 1° 26’ 19”, take out | 


his horary motion 2% 28” from the fame Table; 


and fubtra¢ting the latter from the former, there 
will remain 27’ 54” for the Moon’s true horary 


Wo fe 


To find the Angle of the. Moon's wvifible path swith 


the Ecliptic. 


i. a 
ri 


This, in the projectien of Eclipfes,. may be 


always rated at 5° 35’, without any fenfible error. 
rN | VII, 
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The Deiiucatiyn a Solar r Beis, 


t Jind the Vener cies ofl the Sun and Moon. 


Thefe are found in the fame ‘Table, and by the — 


fame Arguments, as their horary Motions, —in 
the prefent cafe the Sun’s Anomaly gives his: 
femjdiameter 16’ 6”, and the Moon's Anomaly 
gives her femidiameter Fi" 57 , 


To find the semidiameter of the Penumbra. 


Add the Moon’s femidiameter to the Sun’ s, and» 
their fum will be the femidiameter of the Penumbra, 
viz. 25% ee 

Now collect thefe Elements, that they may be 
found the more readily when they are wanted in 


the conftruction of this Eclipfe. DEHM.S. 
1. True time of New Moon i in sg 
April 4 Lp SD Bh ae £530. 25 
Meas SA 


- 
ed i Es SS 


2. Semidiameter of the Earth's dife, © 54 43 
3. Sun’s dift. from the neareft Solft. 77 49 53 
4, sun’s declination, North — - 4 49 0 
~ 5. Moon’s latitude, North afcending o 40 18 


6. Moon’s horary motion from theSun O27 hae 


7. Angle of the Moon’s te Wes Ag 


with the Ecliptic + - G20 
8. Sun’ s femidiameter ee 1.6. 
g. Moon’s femidiameter - - . - TA et 
“10. Semidiameter of the Penumbra ORI ER: 


To pr gject an Eclipfe of the Sun gcometrically. 
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Make a feale of avy convenient length, as 4 C, phate 


fand divide it into as many equal parts‘as S the Karth’s 

femi-difc contains minutes of a degree; which; at 
the time of the Ecliple in April 1764, is 54’ 43%. 
“Tite eR). with the whole length of the feale as a 


‘Bi 


toy hee radius, 


All, 


g. ae 
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radius, defcribe the femicircle 4M B upon the 
center C; which femicircle fhall reprefent the 
northern half of the Earth’s enlightened dife, as 


- feen from the Sun. 


Upon the center C raife the ftraight line CH, | 
perpendicular to the diameter ACB ; fo ACB fhall 
be a part of the Ecliptic, and CH its Axis. 

Being provided with a good fector, open it to 
the radius CA in the line of chords; and taking 
from thence the chord of 23% degrees in your 
compalies, fet it off both ways from H, to g and to 
h, in the Periphery of the femi-difc ; and draw the 
firaight line gVh, in which the North Pole of the 
Dife will be always found. pil 

When the Sun is in: Aries, Taurus, Gemini, 
Cancer, Leo, and Virgo, the North Pole of the 
Earth is enlightened by the Sun: but while the 
Sun is in the other fix Signs, the South Pole is’ 


_ enlightened, and the North Pole is in the dark. 


And when the Sun is in Capricorn, Aquarius, ~ 
Pifces, Aries, Taurus, and Gemini, the northern 
alf of the Earth’s Axis C XII P lies to the right 
hand of the Axis of the Ecliptic, as feen from the 
Sun; and to the left hand, while the Sun is in the — 
other fix Signs. ; : 
Open the fector.till the radius or diftance of the 
two go’s on the lines of Sines be equal to the length 
of Vk, and take the fine of the Sun’s diftance from 


_ the Solitice, 77° 49% 53”, as ‘nearly as you can 


gue{s, in your compafies, from the line of fines, 
and fet off that diftance from V to P in the line 
gVh, becaufe the Earth’s Axis lies to the right 
hand of the Axis of the Ecliptic in this cafe, the- 
Sun being in Aries; and draw the ftraight dine 
C XII P for the Earth’s Axis, of which P is the 


-North Pole. If the Earth’s Axis had lain to the 
- Jeft hand from the Axis of the Kicliptic, the diftance — 


FP would have heen fet off from V towards g. 
To draw the Parallel of Latitude of any given 
place, as fuppofe London, or the path of that place — 
| on 
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on the Earth’s enlightened Difc as feen fromthe 
Sun, from Sun-rife till Sun-fet, take the following 
method. ) 


Subtraét the Latitude of London, 514° from go, 


and the remainder 383° will be the co-latitude, 
which take in your compafles from the line of 
chords, making CA or CB the radius, and fet it 
from h (where the Earth’s Axis meets the Peri- 
phery of the Difc) to VI and VI, and draw the 
occult or dotted line VI K VI. ‘Then, from the 
points where this line meets the Earth’s Dife, fet 
off the chord of the Sun’s declination 4° 40% to 
D and F, and to E and G, and conneét thefe points 
by the two occult lines F XILG and DLE. 
Bifes&t LK XII in K, and through the point K 
draw the black line VI K VI. Then making CB 
the radius of a line of fines on the fector, take the 


co-latitude of London 384° from the fines m your ~ 


compaffes, and fet it both ways from K, to VI and 
ViI.—Thefe hours will be juft in the edge of the 
difc at the Equinoxes, but at no other time in the 
whole year. ; 

With the extent K VI, taken into your com- 
paffes, fet one foot in K (in the black line below 
_ the occult one) as a center, and with the other foot 
defcribe the femicircle VI 7 8 9 10, &c. and divide 
it into 12 equal parts. Then from thefe points of 
divifion, draw the occult lines 7 p, 8 0, 9 2, &¢. 
parallel to the Earth’s Axis CKITP. 
~ With the fmall extent K X11 as a radius, defcribe 
the quadrantal Arc XII f, and divide it into fix 
equal parts, as XII a, a6, bc, cd, de, and ef; 
and through the divifion points, a, 0, c, d, e, draw 
the occult lines Vile V, VIL dIV, TX cI, X 6 
JI, and XI aI, all parallel to VI K VI, and meet- 
ing the former occult lines. 7p, 8 0, &c, in the 
points VII VU IX X XI, V IV IIL and I: 
which points fhall mark the feveral fituations of 


London on the Earth’s Difc, at thefe hours:refpec- - 


tively as feen from the Sun; and the elliptic 


24 Curve 
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The Delineation of Solar Eclipfes. 
Curve VI VII VIII, &c. being drawn through 
thefe points fhall reprefent the parallel of lati- 


tude, or path of London on the Difc, as feen from 


the Sun, from its rifing to its fettine. 
N. B. If the Sun’s declination bad been fouth, 


* thediurnal path of London would liave been on the 


upper fide of ‘the line VI K VI, and would have 
touched the ine DLE in L.—It is requifite to 
divide the horary fpaces into quarters (as {ome are 
in the figure) and, if poflible, into minutes alfo. > 

Make CB the radius of a line of chords on the 
fector, and taking therefrom the chord of 5° 357, 
the angle of the-Moon’s vifible path with the Eclip- 
tic, fet it off from H to M on the left hand of CH, 
the Axis of the Ecliptic, becaufe the Moon’s lati- 
tude is north afeending. Thendraw CM for the 
Axis of the Moon’s Orbit, and bifect the angle 


& 


MC H by the right line C x.—If the Moon’s lati- 


tude had been north defcending, the Axis of her 
Orbit would have been on the right hand from the 
Axis of the Ecliptic—N. B. The Axis of the 
Moon’s Orbit lies the fame way when her latitude 
is fouth afcending, as when it is north afcending ; 
and the fame way when fouth defcending, as when 
north defvending. » | 


‘Take the Moon’s latitude 40’ 18” from the feale 


CA in your compafies, and fet it from 7 to z in the 


bifecting line Cz, making 7x parallel to Cy: and 
through 2, at right-angles to the Axis of the - 


Moon’s Orbit C AZ, draw the ftraight line Nwry 8 
for the path of the Penumbra’s center over the 
Earth’s Dife——The point w in the Axis of the 
Moon’s Orbit, is that where the Penumbra’s center 
approaches neareit to the center of the Earth’s 
Ditc, and confequently is the middle of the general 
Eclipfe: the point zis that where the conjunction 
of the Sun and Moon’ falls, according to equal 
time by the ‘Tables: and the point y is the eclip- 


tical conjunétion of the Sun and Moon. 
. Take the Moon’s true. horary motion from the | 


¥6 7x sun, 


we 


‘ 
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San} 27° 54”, io your compafies, from the feale 
C' A, every divifion of ‘which is a minute ofa de- 
gree, and with that extent make marks along the 


path of the Penumbra’s center; and divide each, 


{pace from mark to mark into fix ty equal parts or 
horary minutes, by dots; and, fet the hours to 
every 6oth minute in fuch a manner, that the dot 
fignifying the inftant of New Moon by the Tables, 

may fall into the point z, half: way between 
the Axis of the Moon’s Orbit, and the Asis of the 
Kcliptic ; and then the refi of the dots will thew 


the points of the Earth’s Difc, where the Penum-. 


bra’s center is at the inftants denoted by them, in 
its tranfit over the Earth, 
Apply one fide of a fquare to the line of the 


Penumbra’s path, and move the fquare batkwards 


and forwards; until the other-fide of. it) cuts the 
fame hour and minute (as at m and 2) both in the 
path of London, andin the path of the Penumbra’s 
center: andthe particular minute or inftant which 


the fquare cuts at the fame time in both paths, 


fhall be the initant of the vifible conjumttion of the 
om nand Moon, or greateft obfcuration of the Sun, 
at the place for whici the conftruction is made, 
namely, London, in the prefent example; and this 
siftnak is at 47% minutes palt X ofclocksin the 
morning; which is 17 naked hn 5 feconds later than 
the tabular time of true conjunction. 

Take the Sun’s femidiameter, 16’ 6%, in your 
compalies, from the feale C_A, and fet ig one foot 
“in the path of London at m, namely at 473 minutes 
pait X, with the other foot defcribe the circle UY, 


which thal reprefent the Sun’s Difc as feem fr sith 


London at the greateftt ob{curation Then take the 


-Moon’s femidiameter, 14° 57”, in your compatles 


from the fame feale; and fetting one foot in the 
path of the Pe numbra’ s-center at m, 47% minutes 
after X; with the other foot deleribes the circle TY 
for the Moo:’ s Difc, as feen from London, at the 
time when the I late ig at the gréateft; and the 
. portion 


tt 
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portion of the Sun’s Dife which 1s hid or cut off 
by the Moon’s, will fhew the quantity of the 
Eclipfe at that time ; which quantity may be mea- | 


- fured on a line equal to the Sun’s diameter, and 


divided into 12 equal parts for digits. 

Laftly, take the femidiameter of the Penumbra - 
a1’ 3”, from the feale C'A in your compaiies; and 
fetting one foot in the line of the Penumbra’s cen- 
tral path, on the left hand from the Axis of the 
Ecliptic, direét the other foot towards the path of 
London; and carry that extent backwards and for- 


wards till’ both the points of the compaffes fall —_ 


into the fame inftant in both the paths: and that 
infant will’ denote the time when the Eclipfe 
begins at London.—Then, do the like on the right 
hand of the Axis of the Ecliptic; and where the 
points of the compaiies fall into the fame inftant 
in both the paths, that inftant will be the time 
when the Eclipfe ends at London. | 
Thefe trials give 20 minutes after 1X in the 
morning for the beginning ofthe Eclipfe at London, 
at the points Nand O; 47, minutes after X, at 
the points m and x, for the time of greateft ob- 
{cnration; and 18 minutes after XI, at # and Sy 


for the time when the Eclipfe ends; according to. 


mean or equal time. f 
From thefe titmes we muft fubtract the equation 
of natural days, viz. 3 minutes 48 feconds, in Leap 
year April 1, and we fhall have the apparent times; 
namely, IX hours 16 minutes 12 feconds for the 


‘beginning of the Eclipfe, X hours 43 minutes 42 


feconds for the time of greateft obfcuration, and 
XII hours 14 minutes 12 feconds for the time 
when the Eclipfe ends.—But the beft way is to 


apply this equation to the true equal time of New 


Moon, before the projection be begun; as is done 
in Example I. For the ‘motion or pofition of. 
places on the Earth’s Difc anfwer to apparent or 
folar time. | | 
In this confiruction, it is fuppofed that the angle 
evita | under 
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under which the Moon’s Difc is feen, during the 
whole time of the Eclipfe, continues invariably the 
fame; and that the Moon’s motion is uniform and 
rectilinear during that time.— But thefefuppofitions 
do not exattly agree with the truth; and therefore, 
fappofing the Elements given by the Tables to be 
accurate, yet the times and phates of the Kclipfe, 
deduced from its confirnétion, will not anlwer 
exactly to what paffeth in.the Heavens ; but may 
be at leat two or three minutes wrong, thoagts 
done with the greatcit care.-—Moreover the paths 
of all places of confiderable latitudes are nearer the 
center of the Earth’s Difc, as feen from the Sun, 


than thofe confiructions make them; becaufe the — 
Difc is projected as if the Earth were a perfect ~ 


fphere, although it is known.to be a fpheroid. 
Confeguently, the Moon’s fhadow will go farther 
northward in all places of northern latitude, aud 
farther fouthward in all places of fouthern latitude, 
than it is {hewn to do in thefe projecitions~—Ac- 


cording to AMayer’s Tables, this Eclipfe will be 
5 ig 


about a quarter of an hour fooner than either thefe 


Tables, or Mr. Mlamftead’s, or Dr. Halley’s, make 


at London. 


The projection of Lunar Lclipfes. 


When the Moon is within 12 degrees of either 


of her Nodes, at the time when fhe is Full, fhe 


will be éclipfed, otherwife not. | 

We find by Example IJ. page 327, that at the 
‘time of mean Fall Moon in Alay, 1762, the Sun’s 
~ diftance from the afcending Node was only 4° 497 
ar”; and the Moon being then oppofite to the 
Sun, muft have been juft as near her. defcending 
Node, and was therefore eclipfed. | 


The elements for conftruéting an Eclipfe of the — 


Moon are eight in number, as follow: — 
x. The true time of Full Moon: and at that 


it: and Afayer’s Tables do not make it annular | 
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time, 2. The Moon’s horizontal parallax, 3. The 


Sun’s femidiameter. 4. The Moon’s. 5. The 


femidiameter of the Earth’s fhadow at the Moon, 
6. The Moon’s latitude, 7. The angle of the 
Moon’s vilible path’ with the Ecliptic. 8. The 


‘Moon’s true horary motion from the Sun,——~ 
a 1 


Therefore, 
! I, 
To find the true time of Full Moon. 

Work as already taught in the Precepts.— 
‘Thus we have the true time of Full Moon in May, 
1762, (fee Example II. page 327,) on the 8th: 
day, at 50 minutes 50 feconds paft LI o’clock in 
the morning. 3 

¢ f oh 
Lo find the. Moon’s horizontat Parallac. 
Enter Table XVII. with the Moon’s mean 


Anomaly (at the above full) g° 2° 42’ 42%, and 


thereby teke out her horizontal Parallax ;- which, 
by making the requifite proportion, will be 
found to be 597 20%. | 


TIT, TV. 
To find the femidiameiers of the Sun and Moon. 
Enter Table X VIL. with their refpective Ano- 
maties, the Sun’s being 10° 7° 27° 45” (by the 
above example), and the Moon’s g° 2° 42’ 42%; 


sand thereby take out their refpeétive femidiame- 
ters: the Sun’s 157°56”,.and the Moon’s 15” 309”. 


i } hs Vv. ‘ - : . 

Lo jmd the femidiameter of the Earth's Shadow 
. | at the Afoon, | ; 

~ Add the Sun’s, horizontal parallax, which is 


always 10%, to the Moon’s, which in the prefent 


cafe is 57° 26%, the fum will be: 57’ 30%. from 
which fubtract the Sun's femidiameter Ay pes 
| anc 


* 
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and there will remain 41/ 34” for the femidiameter 
of that. part of the Earth’s fhadow which the 
Moon then paffes through. | 


Vv I, 
To Jind the Moon's Latitude 


Find the Sun's true diftance fr om the eae 
Node (as already taught in page 338) at the true 
time of Full Moon ; Faves this diftance, increafed 
by fix figns, will fie the Moon’s true. diftance 
from the fame Node; and confequently the argu- 
ment for sepia her true latitude, as Preset 1 


page 338. 


=— 


Thus, in Example II. the Sun’s mean'é iiftance 


- from the aicending Node was of 4° 49% 35%, at the 


time of mean Full Moon : but if appears by the 
Example, that the true time thereof was 6 hours 
93 minutes 38 feconds fooner than the mean time, 
and therefore we mutt fubtracét the Sun’s motion 


frem the Node (found in Table XII, page 318) _ 


during this interval, from the above mean diftance 
of 4° 49 35°, in order to have his mean diiiance 
from it at the true time of Full Moon Then to 
this apply the Equation of his mean diftance from. 
the Node found 1 in JTable XV. by his mean Ano- 
maly 10° 7° 29” 45”; and laftly, add fix figns: fo 


dhall the Moon’s trne diftance “from the aicending 


Node be founa as pctap 


8 ts) / ff 


iii from Node at mean Full Moon 0 4 49 35 


| * ¢ 6 hours TReS 
His motion from it in 2 23 minutes | ee 
| 038 feconds — 


Sin, fubtrad from the dpncrielt line | ag aaah 


Remains ey s mean diftance at 2 } ! 
_ frue Full Moon ~ - § Oo 4 32 32 
| Sun's 


* 


9 
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. gee pa 

Sun’s mean diftance from the Node ar - 
attrue Full Moon - > -- = wg REE. 
Equation of his mean diftance, add 0 «1 38 o 


Comers 


Snn’s true diftance from the Node 0 6 10 32 
To which‘add’-\*— S07) 24 a Be oO 0 CO” 


trond 


And the fum will be- - - - - 6 6 10 32 


Which is the Moon’s true diftance from her af- 
cending Node at the true time of her being Full, 
and confequently the argument for finding her 
true Latitude at that time.—Therefore, with this 
arguncent, enter Table XVI. making proportion _ 
between the latitudes. belonging to the 6th and 
7th degree of the argument at the left hand (the 
figns being at the top) for the 10% 32%, and it 


' will’ sive 92% 21% for the Moon’s true latitude, 
give 3 


which appears by the Table to be fouth de- 
{cending. | ) pas 
: VIT. 
To find the angle of the Moon’s vifible path with 
the Ecliptic. | 


- This may be ‘fated at 5° 35’, without any 
error of confequence in the projection of the 


EGUPI Gs cy Et 
, VII.: | 
To find the Moon’s true horary motion from the 
S21. | We a 


With their refpeétive Anomalies take out their 


a horary motions from Table XVII. in page 322; 


and the Sun’s horary motion fubtratted from 
the Moon’s, leaves remaining the Moon’s true 
horary motion from the Sun: in the prefent cafe 


go’ 52% ey ’ 
, Now 
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Now colleét thefe elements together for ufe. 


Do He Mes, 
1. True Time of Full Moon in: 3 7 
May, 1762 - - - =| 3 50 50 
r?) 4 Gp 


Moon’s horizontal Parallax- - - 0 57 20 
. Snn’s femidiameter - - - - - 0 15 56 
Moon’s femidiameter- - - - - 015. 

. Semidiameter of the Earth’s fhadow 

at the Moon - - - - - - 0.41 34 


. Angle of her vifible path with the 
Ecliptic - - = = = = 


©O ID ib OO 


1580. 


Moon’s true latitude, fouth defcendingo 32 21 


. Her true horary motion from the Sun 0 30 52 
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Thefe Blenenis being found for the conftruc- PLATE 
tion of the Moon’s Eclipfe in May 1762, proceed ss 


as follows: 


Make a {cale of any convenient length, as WX, rig.1. 


and divide it into 60 equal parts, each part ftand- 
ing for a minute of a degree. 

Draw the right line 4 CB (Fig. 3.) for part of 
the Ecliptic, and CD. perpendicular to it for the 
fouthern part of its Axis; the Moon haying font 
latitude. 

Add the femidiameters of the Moon and Earth’ s 


Paley together, which, in this Eclipfe, will make — 


Bi 1313 ‘and. take this from the fcale in your 
rules and fetting one foot in the point C, as 
a center, with the other foot defcribe the femi- 
circle 4 DB; in one point of which the Moon’s 
center will be at the beginning of the Eclipfe, 
‘and in another at the end of it. 


Take the femidiameter of, the Earth’s Matiou, 7 


41’ 34”, in your compaffes from the feale, and fet- 


ting one foot in the center C, with the other foot ~~ 


faeleribe the femicircle K L "M for the fouthern 


half of the Earth’s fhadow, becaufe the Moon’s 


latitude is fouth in this Eclipfe. 
Make 


The Delineation of Lunar Eclipfes. 
Make CD the radius of a line of chords on the 
fector, and fet off the Angle.of the Moon’s 


vifible path with the Ecliptic, 5° 35’, from .D to E, 
and draw the right line CFE for the fouthern 


half of the Axis of the Moon’s Orbit, lying to the 


right band from the Axis of the Ecliptic CD, be- 
Raate the Moon’s latitude is foutn defcending.— 
¥t would have been the fame way, on the. Sriet | 
fide of the Ecliptic, if her latitude had been 
north defeending ; but contrary in both eafes, if 
her latitude bad been either north afcending or 
fouth afcending. 
Bileé&t the. ancle DCE by the right line Cg 


in which line, the true equal time of Aasatiion 


of the Sun and Moon falls,” 9 as given by the 
Tables. 

Take the Moon’s Thelen, 32/ 21”, from the 
{cale. with your compaffes, and fet it from C'to G, 
in the line CGg; and through the point G, at 
right angles to CFE, draw the right line 
PHG FN for the path of the Moon's center. 


~ Then, ¥ fhall be the point in the Earth’s fhadow, 


where the Moon’s center is at the middle of the 
Eclipfe; G, tlre point where her center is at the 
tabular time of her being Full; and #, the point 
where her center is at the: Aaah: of her pealie case ; 
oppofition. 

Te ake the Moon’s horary motion from ‘the Sun}, 
30° 52, m your compatles from the feate ; and 
itll that extent mm: ike marks along the Hie ‘of 


“the Moon’s path PG N then divide’ each {pace 


from mark to ete into 60 equal parts, or horary 


minutes, and fet the hours to the proper dots in 


fuch a manner, that the” dot fignifymg” the in- 


lant of Full Moon (viz. 50 minutes 50 feconds 


alter IIT in the morning) may be in the point Gy. 
where the line of the Moon’s st! cuts ‘the: ine 
that’bife@ts the angle DC E, 
Take the Moon’s ania eaE: oat | ‘gg in 


“your compafies from the feale,’ and with that 
extent . 
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extent, as a radius, upon the points N, F, and P, 


as centers, defcribe the circle 2 for the Moon at 
the beginning of the Eclipfe, when fhe touches 
the Earth’s. fhadow at V; the circle & tor the 
Moon at the middle of the Eclipfe ; and the circle 
S' for the Moon at the end of the Eclipfe, jut 
leaving the. Earth’s fhadow at W/. . 

The point N denotes the inflant when the 
Eclipfe begins, namely, at 15 minutes 10 feconds 
after II in the morning: the point & the middle 
of the Eclipfe, at 47 minutes 45 feconds pait. 
III; and the point P the end of the Kclipfe, at 
18 minutes after V.—At the greateft obfcuration 
the Moon is 10 digits eclipfed. _ 


Concerning an ancient Eclipfe of the Moon. . _ 


It is recorded by Péolemy, from. Hipparchus, 


’ that on the 22d of September, the year 201 beiore 
the firft year of Chrift, the Moon rofe fo much: 


eclipfed at Alexandria, that the Eclipfe mult_have 
begun about half an hour before fhe role... 

Mr. Carey puts down the Eclipfe in his Chro- 
-nology as follows, among feveral otlier ancient 
_. ones, recorded by different authors + 


Sul. Per. | Ecl. @ Per. Calip. 2 An. 54. Hor.7. | Nabonafur 
4513. | P.M. Alexandr. Dig.eccl. 10. BAvi shan 
Sept.22.| . “[Plolem.l.4.c.11-] - Mefor. 16, 


That is, in the 4513th year of the Julzan pe- 
riod, which was the 547th year from Nabonafar, 
and the 54th year-of the fecond Calipic period, 
on the 16th day of the month J/e/ori (which an- 
fwers to the 22d of September) the Moon was 
10 digits eclipfed at Alexandria, at 7 o’clock in 
' the evening: ° | ; | 
~ Now, as our Saviour was born (according to the 
Dionyfian or vulgar Era of his birth) in the 

oR Dey Vee a 4a713zth 
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4713th year of the Julian period, it is plain that 
the 4513th year of that period was the 200th 
year before the year of Chrift’s birth; and confe- | 
quently 201 years before the year of Chritt 1. 
And ib the year 201, on the 22d of September, 
it appears by Example V, page 330, that the Moon 


was full-‘at 25 minutes 25 feconds paft WII in the 


@ening, in the meridian of Alexandria. 

At that time, the Sun’s place was Virgo 26° 14’, 
according to our Tables; fo that the Sun was 
then within 4 degrees of the Autumnal Equinox : 
and according to calculation he muft have fet at 


- Alerandria about 5 minutes after VI, and about 


one degree north of the weit. 

The Moon being Full at that time, would have 
rifen juft at Sun-fet, about one degree fouth of the 
eaft, if fhe had been in either of her Nodes, and 
her vifible place not depreffed by Parallax. 

- But her parallactic depreflion (as appears from 
her Anomaly, viz. 10° 6° nearly) muft have been 
5’ 17” ; which exceeded her whole diameter ‘by 


24’ 53”; but then, fhe muft have been elevated 


39’ 45” by refraétion; which, fubtracted from her 
Parallax, leaves 21’ 32” for her vifible or apparent 
deprefiion. 

And her true latitude was 303” north defcend- 
ing, which being contrary to her apparent depref- - 
fion, and greater than the fame by 8’ 58”, her true 
time of rifing mutt have been juft about VI o’clock. 
Wow, as the'Moon: rofe about one degree fouth 


of the eaft at Alerandria, where the vifiible Hori- 


zon island, and not fea, we can hardly imagine 
her to have been lefs than 15 or 20 minutes of 
time above the true Horizon before fhe was 
eiible ig) | 

It appears by Fig. 4, which is a delineation of — 
this Eclipfe reduced to the time at Alexandria, that 
the Eclipfe began at.53 minutes after V in the 


evening ; and confequently 7 minutes before the — 


Moon was in the true Horizon: to which if we — 
: | add 
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add 20 minutes for the interval between her 
_ true rifing and her being vifible,, we {hall have 27 
minutes for the time that the Eclipfe was begun 
before the. Mvon was vifibly rifen.—The middle 
of this Eclipfe was at 30 minutes paft VII, when 
its quantity was almoft 10 digits, and its ending 
was at 6 minutes paft EX in the evening.—So that. 
our Tables come as near to the recorded time of 
_this Eclipfe as can be expected, after an elapfe of 
1960 years, | | 
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954. HE Stars are faid to be fixed, becaufe Why thé 
Ds _ they have been generally obferved to fixed Stars 
keep at the fame diftances from each other, their ta iy 

apparent diurnal revolution being caufed folely by rome haa Oh 

the Earths turning on its Axis. They appear of thanwhen’ 

a fenfible magnitude to the bare eye, becaufe the sei 

retina is affected not only by the rays of light , 
‘which are‘emitted direétly from them, but by 

many thoufand more, which falling, upon our 

eyelids, and upon the aerial particles about ws, are 
' reflected into our eyes fo ftrongly, as to excite 

vibrations not only in thofe points of the retina 
_ where the real images of the Stars are formed, but: 

alfo in other points at fome diftance round about: 

This makes us imagine the Stars to be much bigger 

than they would appear, if we faw them only by 

the few rays which come direétly from them, fo 
_as to enter our eyes without being intermixed with 

others. Any one may be fenfible of this, by: look- 

Ing at a Star of the firft magnitude through a 

Jong narrow tube; which, though it takes in as 

much of the Sky as would hold’ a thoufand fuch 
Stars, it fcarce renders that one yifible. a 

| AA 2 The 
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Aproofthat The more a telefcope magnifies, the lefs is the 
sung iets aperture through which the Star is feen; and 
ewn light. confequently the fewer rays it admits into the eye. 
Now fince theStars appear lefs in a telefcope which 
magnifies 200 times, than they do to the bare-eye, 
infomuch that:they feem to be only indivifible 
points, it proves at once that, the Stars are at 
immenfe diftances from us, and that they fhine by 
their own proper light. -If they fhone by bor- 
rowed light, they would be as invifible without 
_ telefcopes as the Satellites of Jupiter are : for thele 
_ Satellites appear bigger when viewed with a good 
telefcope than the largeft fixed Stars do. 
Sdongecl Brome (21-155 ‘The number of. Stars: difcoverable in 
er much : i ; E 
pe sais either Hemifphere, by. the naked eye, is not above — 
genctally “a thoufand. This at firft may appear incredible, 
umagined. \ 4 
becaufe they feem to be without number: But the 
deception arifes from our locking confuledly upon _ 
them, without reducing them into any order. For 
look but fiedfafily upon a pretty large portion of - 
the {ky, and count the number of Stars in it, and 
you will be furprifed to find them fo few. And, if, 7 
“one confiders. how feldom the Moon meets with 
any Stars in her way, aléhough there are as many | 
about her. path asin other parts of the Heavens, 
he will foon be convinced that the Stars are much 
thinner fown than he was aware of. The Britifh 
catalogue, which, befides the Stars vifible to the 
hare eye, includes a great number which cannot 
be feen without the afliftance of a telefcope, con, 
tains no more than 3000, in both Hemifpheres. 


Theabfar- | 956. Aswe have incomparably more light from 
aa the Moon than from all the Stars together, it is 
suarswere. the greatet abfurdity to imagine that the Stars’ 
Bude only were made for no other purpofe than to calt a faint 
See light upon the Earth: efpecially fince many more 
st. require the affiftan¢e of a good telefcope to find 
them out, than are vifible without that inflrument. 
Our Sun is furrounded by a fyftem of planets and’ 
; | i Comets 3 


 Conftellations, or Afterifms, “ferves to diftinguith 
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Comets; all which would be invifible from ‘the 
neareft fixed Star. And from what we already 
know of the immenfe diftance of the -Stars, the 
neareft may be computed at 32,000,000,000,000 ~ 
of miles from us, which is further than a cannon- . 
ball would fly in 7,000,000 of, years. Hence it 
is eafy to prove, that. the Sun, feen from fuch a 
diftance, would appear no bigger than a Star of 
the firft magnitude. From all this it is highly 
probable that each Star is a Sun to a fyftem of 
worlds moving round it} though unfeen by us; 
efpecially as the doétrine of plurality: of worlds is 
rational; and greatly manifefts the Power, Wifdom, 
and Goodnefs of the Great Creator. 


357. The Stars, on account of their apparently Thet ain 
varjous magnitudes, have been diftributed into nitudes: 
feveral claffes or orders. ‘Thofe which appear 
largeft, are called Stars of the firjt magnitude; the 
next to them in luftre , Stars of the fecondmagnitude; 
and fo on to the /. érth, which are the fmalleft that 
are vifible to the bare eye. This diftribution having 
been made long before the invention of telefeopes, 
the Stars which cannot be feen without the affift- 
ance of thefe inftruments, are diftinguifhed by the » 

‘ name of Telefcopic Stars. 


358. The ancients divided the: flarry Sphere Andéivition 
into particular-Conftellations, or Syftems of Stars, Teo. 
according as they lay near one another, fo as to 
occupy thofe {paces with the figures of different 
forts of animals or things would take up, if they 
were there delineated. And thofe Stars which 
could not be brought into any particular Coniiel- 

_ lation, were called unformed Stars. 

359. This divifion of the Stars into diterenit The ufe of 

this divifions 

_ them from one another, fo that any particular Star 

may be readily found in the Heavens by means of 

a Celeftial Globe; on which the Conftellations are- 

fo delineated as to put the moft remarkable Stars ts 
AAB inte 
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into fuch parts of the figures as are moft eafily dif- 
tinguifhed. The number of the ancient Conftel- 
lations is 48, and upon our prefent Globes about 70. 
On Senex’s Globes, Bayer’s Letters are inferted ; 
the firft letter inthe Greek Alphabet being put to 


the biggeft Star in each Conftellation, the fecond 


to the next, and fo on; by which means, every Star 
jis as eafily found as if a name were given to it. 
Thus, if the Star y in the Conftellation of the Ram 
‘be mentioned, every Aftronomer knows as well 
what Star is meant, as if it were pointed out to 
him in the Heavens. 


The Zodiac. 360. There is alfo a divifion of the Heavens 


The man- 


into three parts 1. The Zodiac (Qwdsaxos) from 
Zudiov Zodion an Animal, becaufe moft of the Con- 
{tellations in it, which are twelve in number, are 
the figures of Animals: .as Aries the Ram, Taurus 
the Bull, Gemini the Twins, Cancer the Crab, Leo 
the Lion, Virgo the Virgin, Libra the Balance, 
Scorpio theScorpion, Sagrtiarius the Archer, Capri- 
-cornus the Goat, Aguarius the Water-bearer, and 
Pifces the Fithes. The Zodiac goes quite round 
the Heavens: it is about 16 degrees broad, fo 
that it takes in the Orbits of all the Planets, and 
likewife the Orbit of the Moon. Along the mid- 
dle of this Zone or Belt is the Ecliptic, or Circle 
which the Earth defcribes annually as feen from 
the Sun; and which the Sun appears to defcribe 
as feen from the Earth. 2. All that Region of 
the Heayens, which is on the north fide of the 
Zodiac, contains 21 Conftellations. And, 3d, That 


ae 


on the fouth fide, 15. 


361. The ancients divided the Zodiac into the 


acrofdivid- aboye 12 Conftellations or Signs in the following 


ing it bythe | 


ancients. 


manner. They took a veffel with a {mall hole in 
the bottom, and having filled it with water, fuf- . 
fered the fame to diftil drop by drop into another 
veffel fet beneath to receive it; beginning at the 
Moment when fome Star rofe, and continuing untal 

: 1C 
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it rofe the next following night.. The water fallen down 
into the receiver, they divided into twelve equal parts; 
and having two other fmall veflels in readinefs, each of 
them fit to contain one pant, they again poured ali the 
water into the upper vefiel, and, obferving the rifing of 
fome Star in the-Zodiac, they at the fame time fuffered the 
water to drop into one of the fmall veffels; and as {oon as 
it was full, they fhifted it, and fet an empty one in its 

lace. When each veffel was full, they took notice what 
star of the Zodiac rofe; and though this could not be 
done in one night, yet in many they obferved the rifing 
of twelve Stars or points, by which they divide the Zodiac 
into twelve parts. | 


~ 


362. The names of the Conftellations, and the number 
of Stars obferved in each of them by different Aftronomers, 
are as follows: 


The ancient Conftellations. “Ptolemy. Tycho. Hevel. Flamft. 
Urfa minor - - - + - - The Little Bear --- 8. Fetes RR, 
Urfa major ’- ---+-- The Great Bear +--+ 95- 29- 73+ 87. 
Draco - -- -- +++ The Dragon ----+- 31, 32. 40. 80, 
Cepheus -+---++- Cepheus - - - - + - + 13. A. 5le 35 
Bootes, Arctophilax + - © Ste LIBROS RA. 
Corona Borcalis -- + The Northern Crown - 8. 8. Sa O34 
Hercules, En-gonafin - Hercules Kneeling -- 29. 23. 45. 113. 
Lyra ~-G)4~ oe + = Phe) Harp S52 "=" Ye All Aidt SOMES FW 
Cygnus Gallina - - + The Swan ------ VOer aes 47. Bi, 
Cafopeia +--+-+-- The Lady in her Chair 13, 26, 47. 55. 

erfeus ~-+- © -- Perfeus-----+--+29, 29. 46. 59° 
Auriga -------- The Waggoner - - - 14. O40. 66, 
Serpentarius, Ophiuchus Serpentarius - + - +> 29. 15+ 40. 74. 
Serpens - - -++-- The Serpent - --- - 18.4 awe” oo, . Gx, 
Sagitta-- - +--+ -+- TheArrow--+.--- 5. Rte Be 1S, 
Aquila, Vultur - - - - The Eagle aad , j 12. ret ek 
Antinous = - ---- + 4 Antinous las an Rate, §, <4 
Yelphinus - - - - - - The Dolphin ----- 10. 10, 14. 13. 
Equulus, Egui fe@tio - The Horfe’s Head + - 4. 4. «aR oar 

~ Pegalus, Equus - - - - The Flying Horie - + =.90,'- 19. 88) 89, 
Andromeda ----- ¢ Andromeda --- - +23. 23. 47. 66. 
Triangulam --- ++ The Triangle ---- 4, . 4, 12 © 16, 
Ariess2--.----- TheRam-= =)-.< © + +18, 91,5) 27, 66. 
Taurus - - - <---> The Boll .= be = e54gle AQ BLS OL, 
Gemini- ------- The Twins <9 = s$- +25, 25... 38, |. 85. 
Cen eE eas x tiate in inl The Crab ------ O37 ni Suly 2): 8S, 
TR SA atl iaaitmlnes imho The Lion y ah BOK As , OFS 
(oma, Berenices - - - Berenice’s Hair § ss eo. ech oth. 43 
Virgo Ae ae The Virgin - =s2-e rc» 32, a 50. i110 
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_. The ancient Conftellations. Bake Tycho. Hevel, Flamft. 
Libra, Chela. - - - - -The Scales - -*+ --- 17. 10. 20. 51. 
| Scorpius -°- - - - - - "The Scorpion = -.- ~ 24. 10. | 90. * 44. 
Sagittarius - + ---- TheArcher +---- 31. 14. 22, 69. 
Capricornus --- + - The Goat- - -- --- 28. 28. -29.° 5r. 
Aquarius - -.-.- - - - The Water-bearer - - 45. 41. 47. 108. 
Pifces ------+-- he Fifhes « - ---. it Opa emai: (Pag oo 
Metug (ee “+= "The Whale = ~ -'- - Bre gy) AR PLGY: 
Orion -- +--+ - vee Orion = 5 - +--+ 38. 4a.) 62. 78. 
Eridanus, Flevius, - - Eridanus, the River --- 34. 10. 271° 84. 
epus, = o-)-9)- is - The Hare ------ LD Aaa a a Ls aa ee 
Canis m eel ws Sriphaacen t's its Great Dog - - - - 29... 18. 212° 31, 
Canis minor’ - -'»*- - The Little Dog --- -- 9. 2. 13. 14. 
Argo----+ +26 > - The Ship) -.- - - = = 45, 3; Ay Gas 
Hydra ->-~---4- The Hydra----- - Diy a LOIN cd ha teal 
Craton jn shown - =e Phe-CUp == See ef: an Se a 
Corvus’= - - +\- -'-.- “The Crow - - - - = - 7. ar QO. 
Centaurus - - --+- + The Centaur -- - - - 937. s S85 
Tupus+-'- - + --:- + The Wolf --.-.-\- - - 19. . 24. 
Aa Bs reget tae eine - The Altar o- - 4 - 3- he Lyey ' Q. 
Corona Auftralis + - - The Southern Crown - a le | 12. 
Pilcis Aufiralis - - - ~ ‘The Southern Fith - - 18. - LT 18 


The New Southern Conftellations. 


Columba Naochi - - - Noah’s Dove - = - - + - » 10. 
Robur Carolinum - - - The Royal Oak - - - - - - 12. 
Grus.- -------- The Crane - - - - «© - -- 13. 
Phenix --- +--+ The Phenix - - - - - - + 193: 
Indus -----+--- TheIndian-------- 42. 
Pavo --+-5-+- - The Peacock - - - - - - - 14. 
Apus, Avis Indica. - - The Bird of Paradife - - - 11. 
Apis, Mufca..- -.-,+ -, The Bee or Fly --- 22-4.) ; 
Chameleon, - - - +.- TheChameleon - - - + - - LO arigkyut ee 
Triangulum Auftralis -. The South,T Triangle ---. 5. 


Pifcis volans, Puffer - ~The Elying Fifth ~~ > 2.8. 
Dorado, Xiphias - - - The Sword, Fifh--- + - -. 6. 
Toucan ---.4- - - The American Goofe --- - . 9. 
Hydrus.>- . « - - - - The, Water Snake - - -.- 10. 


I evelius’s Godtiellations made out of the unformed Stars. 
Hevelius. Flamft. 


Lynx -----+--- Cita Tynieg ~-- +--+ 19. AA. 

Leo minor-- 4 - - = - The Little Dion®.+-- — - 53. 
Afteron & Chara - - + The Greyhounds - + - 23. > 25,7) 

Cerberus - ----- ‘Cerberus - - - - -- - fi, : 

** WVulpecula& Anfer - - The Fox and Goofé - - 2%, 35. 

, Scutum Sobielki --- - Sobiefki’sShield --- 47, Re 

; Lacetiagie, Sie" «ie Thé-Ligawdieae oie +) S: 16. 

Camelopardalus - - - The Camelopard - - --92,- 58: 

Monoceros - - = - -.- The’ Unicorn'=*-,..— - 10. 31, 
sextans ---+-+ , The Sextant ----.-an-- 41.” 
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Of Lucid Spots inthe Heavens. gia 


362. There is a remarkable track round the The Bfithy 
Heavens, called the Milky F’ay,from its peculiar ”% 
whitenefs, which is found, by means of the _ 
telefcope, to be owing to a vatt number of very 
{mall Stars that are fituated in that part of the 
heavens. ‘This track appears fingle in fome parts, 
in others double. 

364. There are feveral little whitith {pots in the Lucia ” 
Heavens, which appear magnified, and more lumi- *?** 
nous when feen through telefcopes; yet without 
any Stars in them. One of thefe is.in Andro- 
meda’s girdle, and: was firft obferved 4. D. 1612, 
by Simon Marius: it has fome whitifh rays near. 
its middle, is liable to feveral changes, and is 
fometimes invifible. Another is near the Ecliptic, . ~ 
between the head and bow of Sagittarius: itis’ 
f{mall, but very luminous, . A third is on the back 
of the Centaur, which is too far fouth to be feen 
in Britain. A fourth, of a fmaller fize, is before 
Antinous’s right foot, having a flar init which 
_ makes it appear more bright. A fifth is im the 
confiellation of Hercules, between the Stars ¢ and 
n, which {pot, though but {mall, is vifible to the bare 
eye, if the Sky be clear, and the Moon abfent. | 


965. Cloudy Stars are fo called from their Cloudy, or 
mifty appearance. They look like dim Stars to the jy" 
“faked eye; but through a telefcope they appear 
broad illuminated parts of the Sky; m fome of 
which is one Star, in others more. “Five of thefe 
are mentioned by Piolemy. 1. One at the extre- 
mity of the right hand of Perfeus. 2. One in the 
middle of the Crab. 3. One unformed, near the 
Sting of the Scorpion. 4. The eye of Sagittarius. 

5. One in the head of Orion. . In the firft of thefe’ 
appear more Stars through the telefcope than in 
any of the reft, although 21 have been counted in 
the head of Orion, and above forty in that of the 
Crab. Two are vifible in the eye of Sagittarius 
without a telefcope, and feveral more with it. 
Flamfead obferved a cloudy Star in the bow of 

Sc Su epee + Sagittarius, 


Magellanic 
Clouds. 
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Sagittarius, containing many fmall Stars: and the 
Star d above Sagittarius’s right {houlder is encom- 
paffed with feveral more. Both Cafini and Flam- 
ftead difcovered one between the Great and Little 
Dog, which is very full of Stars vifible only by the 
telefcope. The two whitith Spots near the South ° 
Pole, called the Magellunic Clouds by Sailors, which 
to the bare eye refemble part of the Milky Way, 
appear through telefcopes to bea mixture of {mall 
Clouds and Stars. But the moft remarkable of all 
the cloudy Stars is that in the middle of Orzon’s 
Sword, where feven Stars, of which three are very 
clofe together, fee, to fhine through a cloud, very 


lucid near the middle, but faint and ill-defined 
about the edges. It looks like a gap in the fky, 


through which one may fee (as it were) part of a 
much brighter region. . Although moft of thefe _ 
fpaces are but a few minutes of a degree in © 
breadth, yet fince they are among the fixed Stars, 


they mufl be fpaces larger than what is occupied 


by our Solar Syttem; and in which tliere feems to be 


_a perpetual uninterrupted day among numberlefs 


Changes in 
ithe bea- 
vens. 


New Stars, 


Worlds, which no human art ever can difcover. 


266. Several Stars are mentioned by ancient 
Afironomers, which are not now to be found; and 
others are now vifible to the bare eye which are © 
not recorded in the ancient catalogue. [Hipparchus 
obferved a new Star about 120 years before 
Curist; but he has not mentioned in what part 
of the Heavens it was feen, although it occafioned 
his making.a Catalogue of the Stars; which is 
the moit ancient that we have. e 

The firth New Star that we have any good 
account of, was difcovered by Cornelius Gemma on 
the 8th of November, A.D. 1572, in the Chair of 
Cafiopeia. It furpafied Sirius in brightnefs and 


magnitude ; and was feen for 16 months fuccef- 


lively. At fir it appeared bigger than fupiter to 
fome eyes, by which it was feen at mid-day; af- 
terwards it decayed gradually both in magnitude 

7 anc 
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and luftre, until March 1573, when it became 
invilible. 


On the 13th of Augijt-1596, David Fabricius 
obferved the Stella Mira. or wonderful Star; in the 


_ Neck of the Whale ; which has been {ince found to 


appear and difappear periodically feven times in 
fix years, cShtinuing in the greateft luftre for 15 
days. together ; and is never quite extinguifhed. 

In Aue year BES William Janfenius difcoyered 
‘a changeable Star in the Neck of the Swan ; 
which, in time, became fo fimall as to be thought 
to difappear entirely, till the years 1657, 1658, 
and 1659, when it recovered its former luftre and 

magnitude, but foon decayed; and is now of the 
fmalleft fize. 

In the year 1604, Kepler and mavy of his friends 
faw a new Star near the heel of the right foot of 
Serpentarius, fo bright and {parkling, that it ex- 
ceeded any thing they had ever feen before; and 
took notice that it was every moment. changing 
into fome of the colours of the rainbow, except 
when it was near the Horizon, at w high time it 
was generally white. It furpaffed Fupiter in 
magnitude, which was near it all the month of 
Odtober, but eafily diftinguifhed from Fupiter by 
the fteady light of that Planet. It difappeared 
between Odober 1605, and the ebr uary fol- 
lowing and. has not been feen fince that time. 

In the year 1670, fuly 15, Hevelius difcovered 
a new Star, which in Odiober was fo decayed as to 
be fearce rated iene > In April following it re- 
gained its Juftre, but wholly difappeared in “Auguft. 
in March 1672, it was feen again, butvery {mall ; 
and has not been vilible finde: ) 

In the year 1686, a new Star was difcovere: 
by Kirch, which returns periodically in 404 days.* 

ty The periodical time, ot interval, between two fucceffive 
returns of Algol to the fame brightuets Is, agcording to 


Mr. Goodricke, 2d. 20h. .49° 3°} many other variable Stars 
oo been obferved.—Ld. 


In 
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Cannot be 
Comets. 
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In the year i672, Cufini faw a Star’ in the 


Neck of the Bull, which he thought was not vi- 
fible in Tycho’s time; nor When Bayer made mS 
Figures. 


367. Many Stats, petdes thofe abavecwent: 
oned, have been oblerved to change.their mag- 
nitudes; and as none of them could ever be 
perceived to have tails, it is plain they could not 
be Comets; efpecially as. they had no Parallax, 
even when Target af brighteft. It would feem 
that the periodical § Stars have vatt clufters of dark 
fpots, and very flow rotations on their Axes; by 
which means they muft difappear when the fide 
covered with fpots is turned towards us. And 


as for t hofe which break out all of a fudden with 


fuch lufire, it is by. no means improbable that 
they are Suns whofe fuel.is almoft fpent, and 
again fupplied by fome’ of their Comets falling 
upon them, and occafioning an uncommon blaze 
and fplendour for fome time: which indeed ap- 


~ pears to be the greatelt ufe of the cometary part 


Some Stars 
changetheir 
places. 


of any fyfiem”™. 
Some of the Stars, particularly Ar durus, have 


been oblerved to change their places above a- 


* M, Maxper tuts, in his darerianibe on ene figures of the 
Ceteftial Bodies (p. 61—63), is of opinion that fome Stars, by 
their prodigious quick rotations on their Axes, may not. only 
aifume the figures of. obla ate ‘{pheroids, but that by the great 
centrifugal force arifing from fuch rotations, they may bes 
come'of the figures of ah ftones; or be pdwned to flat cir- 
cular planes, mn thin as to be quite invilible when their edges 
are turned towards us; as Saturn’s Ring is in fuch pofitions. 
But-when an y eccentric Planets or Comets go round any flat 
‘Star, in Orbits much inclined to its Equater, the attraétion 
of the Planets or Comets in their Perihetions muft alter the in- 


_ clination of the Azis of that Star; on which account it will 


appear more or-tefs large and luminous, as its broad fide is 
rnore or leis turned towards us. And fae he imagines we 
may account for the apparent changes of magnitude and lufire 


in thofe ik ee. and likewile for their appearing. and difap- _ 


pe aring. 
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minute of a degree with refpeét to others. But 
whether this be owing to any real motion in the 
Stars themfelves, muft require the obfervations of - 
many ages to determine. If our Solar Syftem 
changes its place with regard to abfolute {pace, 
this muft in procefs of time occafion an apparent 
change in the diftances of the Stars from each 
other: and in fuch a cafe, the places of the neareft 
Stars to us being more affected than thofe which 
are very. remote, their relative pofitions mutt teem 
to alter, though the Stars themfelves were really | 

~* jmmoveable. On the other hand, if our own 
fyftem be at reft, and any of the Stars in real 
motion, this muft vary their pofitions; and the oe 
more fo, the nearer they are to us, or {wifter their 
motions are; or the'more proper the direction of 
their motion is for our perception. oa 
368. The obliquity of the Ecliptic to the Equi- Lethe 
/ nottial is found at prefent to be above the third rwioueaas 
part of a degree lefs than Péolemy found it. And ne, 
moft.of the obfervers after him found it to decreafe formerly. 
gradually down to: Tycho’s time. If it be objected, 

’ that we cannot depend on the obfervations of the 
ancients, becaufe of the incorreétnefs of their In- 
firuments ; we have to anfwer that both Tycho and 
Flampead are allowed to haye been very good ob- 

fervers; and yet we find that Flamjead makes 
this obliquity 2% minutes of a degree lefS than | 
- Tycho did, about roo years before him: and as 
Prolemy was 1324 years before Tycho, fo the gra- 
dual decreafe anfwers nearly to the difference of 
time between thefe three Afironomers. If we 
confider, that the Earth is not a perfect {phere, but 
: an oblate fpheroid, having its Axis fhorter than 
‘its equatoreal diameter ; and that the Sun and- 
Moon are conftantly acting obliquely upon the 
greater quantity of matter about the Equator, ° 
pulling it a9,it were towards a nearer and nearer 
co-incidence with the Ecliptic; it will not appear 
: he x ee a improbable 


366 


A Year. 
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Yean 
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improbable that thefe aétions fhould gradually di- 


minifh the Angle between thofe Planes. Nor isit 
lefs probable that the mutual attraction of all the 
Planets fhould have a tendency to bring their Or- 
bits to a co-incidence: but this change is too {mall 
to become fenfible in many ages *. 


CHAP, XXL 


Of the Divifion of Time. A perpetual Table of New 


Moons. The Times of the Birth and Death of | 


Curist. A Table of remarkable Zeras or Events. 


369. HE parts of Time are, Seconds, Minutes, 
fours, Days, Years, Cycles, Ages, and 


370. The original ftandard, or integral meafure 
of time, isa “Wear: which is Heeened by the 


Revolution of. (ie Celeftial Body in its Orbit, 


viz. the Sun, or Méoon. 


371. Uhe time meafured by the Sun’s Revolu- 
tion in the Ecliptic, from any Bea or Solftice 
to the fame again, is called the Solar or Tropical 
Year, which Contains 965 days, 5 hours, 48 mi- 
nutes, 57 fe¢onds; and is the only proper or na- 
tural year, ‘becaufe it always keeps the fame fea- 
fons to the fame months. 


* That the ob liquity of the Ecliptic is decreafing, is now 
generally allowed.. And the annual diminution is about half 
a fecond ; fome Aftronomers make it to be lefs. This angle 
is alfo affected by two periodical inequalities; the firft arifing 
from the attraction of the Sun, is completed 1 in fix months, the 
maximum of which is half a fecond; the other called the 


~ Wutation, or Deviation of the Earth’s Avis: is Completed in a 
? p 


revolution of the Moon‘s Nodes, or 18 years 224 days.’ 
See the Editor’s Treatife on the Theory and Practice of find- 


ang the Longitude at Sea or Land, yol. I, page 11, third ~ | 


edit on. 


| 372. The 
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ana The quantity of time meafured by the Sidercat 
Sun’s Revolution as from any fixed Star to the ¥* 
fame Star again, is called the Sidereal Year ; which 
contains 365 days, 6 hours, () minutes, 14.5 feconds; 
and is 20 minutes 173 feconds longer than the 
true Solar Year. 


973. The time meafured by twelve Revolutions Lunar Year. 
of the Moon, from the Sun to the Sun again, is 
called the Lunar Year ; it contains 354 days, & 
hours, 48 minutes, 36 feconds; and is therefore 
10 days, 21 hours, o minutes, 21 feconds: flhorter 
than the Solar Year. This is the foundation of 
the Epact. 


374. The Civil Year is that which is in common civil Yeas. 
ufe among the different nations of the world; of 
which, fome reckon by the Lunar, but moft by 
the Solar. The Civil Solar Year contains 365 days, 
for three years running, which are called Common 
Years ; and then comes in what is called the B:fex- 
tile or Leap Year, which contains 366 days. his 
is alfo called the Fuléan Year. on account of Filius 
Cefar, who appointed the intercalary bi every 
faith. year, thinking ther eby to make the Civil 
and Solar Year keep pace together. And _ this 
day, being added to the 23d of Febr wary, Woich in 
the Roman Calendar was the fixth of the Calends 
of March, that frxth day was twice reckoned, or 
the 23d and 24th were reckoned as one day ; and: 
was called Bis fexlus dies, and thence came. the 
name Bifertile for that year. But in our common 
Almanacks this day is added at the end of Febr’ eS 


> 


375. The Civil Lunar Year is alfo common or LunarYean 
intercalary. The common year confifts of 12 
Lunations, which contain 354 days; atthe end of 
which the year begins again. The Intercalar y, OF 
Embolifinic Year, is that Ww vher ein amonth wasacded 
to adjuft the Lunar Year to the Solar. This method 
was ufed by the fe ws, who ‘read their account 


by 
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_ by the bent Motions. But by intercalating no 


Roman 


Year. 


more than a month of 30.days, which they called 


VeeAdar, every third year they fell’3:-days thor 


of the BS lax Year in that time. 


376. T he Romans ACS ufed the Lunar E none 


mic Year at firft, as it was fettled by Romulus their 


fir King, who made it to confift. only of ten 
months or Lunations; which fell 61 days fhort of 
the Solar Year, and fo their year became quite 
vague and unfixed; for which reafon they were 


forced to have a Table publithed by the High- 


_ Prieft, to inform them when the fpring and other 


The origi- 
nal of the 
Gregorian, 
or New: 


Style. 


feafons began. “ Bat ora Cefar,as already men- 
tioned, § 974, taking this troublefome affair into 
confideration, reformed the Calendar, by making 
the year to confift of 365 days 6 hours. 


377. The yeart thus fettled, is what was ufed in 
Britain till A.D. 1752: butas it is fomewhat more 
than rr minutes longer than theSolar Tropical Year, 
the times of the Equinoxes g rexe) backwards, and fall 


earlier by one day in about 130 years. In the time 


of the Nicene Council (A.D. 325), which was 14893 
years ago, the Vernal Equinox fell on the 21ft of 
March: and if we divide 1483 by 130, it will 

qaote 11,, which is the namber of days the Equi- 
saat has fallen back fince the Council of. Nice. 
This caufing great difturbances, by unfixing the 


times of the celebration of Kafer, and confequently | 


of all the other moveable Feafts, Pope Gregory the 
XifL in the year 1582, ordered ten days to be at 


once firuck out of that year; and the next day 
‘after the fourth of Odlober was called the fifteenth. 
By this means the Vernal Equinox was reftored’ to 


the 21ft of Murch; and it’ was endeavoured, by 


- the omiffion of three’ intercalary days in 400 years, 


to make the Civil or political year keep pace.with 
the Solar fer the time to come. ‘This new form 


of the year is called the Gregor/an Account, or New 


Styles. which is rec eived in Bil countries where the 


. Pope 


P ‘ ; } i 
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Pope’s authority, is acknowledged, and ought to. if 
be in all places where truth is regarded. — 


978. The principal divifion of the year is into Months. 
Months, which are of two forts; namely, A/ironomi- 
cal, and Civil, The Aftronomical! month is the time 
in which the Moon runs through the Zodiac, and 
is either Periodical or Synodical. Vhe Periodical 
Month is the time fpent by the Moon in making 
one complete Revolution from any point of the- 
Zodiac to the fame again; which is 27° 7° 43". 
The Synodical month, called a Lunation, is the time 
- contained between the Moon’s parting with the — 
“Sumat a Conjunction, and returning to him again ; ° 
which is 29? 12° 44". The Civil Months are thofe 
which are framed for the ufes “of«civil life; and 
are different as to their names, number of days, 
and times of beginning, in feveral different Coun- 
tries. The firft Month of the Fewih Fear-fell ac- 
cording to the Moon, in our Augu/ft and September, 
Old Style; the fecond in September and Odober ; 
aud fo on. The firft month of the Egyptian Year 
began on the 29th of our Avgw?. The firft month 
of the Arabic and Turkifa Year began the 16th of 
July. The firft month ofthe Grecian Year felt, ac- 
cording to the Moon, in June and Fuly, the tecond 
in Fuly and Augwf, and {0 on, as in the following 
Table. . sh 


- 379, A.month is divided into four parts called 
Weeks, and a week into feven parts called Days; 
fo that in a Fulian year there are 13 fuch Months, 
or 52 Weeks, and one Day over. ‘The Geniiles 
gave the names of the Sun, Moon, and Planets, to 
the Days of the Week. ‘To the firft, the Name of 
the Sun; to the fecond, of the Moon; to the’third, 
of Mars; to the fourth, of Mercury; to the fifth, 
of Fupiter.; to the fixth, of Venus; and to the 
feventh, of Saturn. ! ee sake | 


Bs. 
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Shebat - - 


Pe OO} oo™T Oo po ne 


Adar- - - - - Jan.—Feb. -. - 
Nifan or Abib ~ - Feb—Mar. - 
Ji8h)- oe Se ele DATO ORE es 
Sivan-,- - - - Apr—May — - 
.| Tamuz - - - - May—June - 
‘Ab... =.+: 2 0+ Sune—July . - 
~ BORG) wtih aliniots) tan a a OO ac 
Days. mithe years b!rc fen ae 

In the Embolismic year after Adar they added a | 

month called Ve-dAdar, of go days. ° 

ji x.| Thoth - - - - Auguf- - 29° 
2.| Paophi - - - - September - 28 
9.| Athir - - - - Ottober - 28 
4.| Chojac - - - - November - 27 
v5.1 Tybi- - = .< - Deeember - 27 
6.| Mechir - - < - January - 26 
4.| Phamenoth - - - February - 25 
aD EA Parmuthi --- = March - - 27 
‘fo. Pachon --- - - April Tae 
io.|;Payni. = - - - May: -. - 26 
11,{ Epiphi -. ~ - - June -..= 25. 
12.; Meferi - - - - July- - - a5 
Epagomeng or days added = - - 


— 


Fewifl: Year. 


Marchefvan  - 
Cafleau - - - 
Tebeth - - ,- 


3 Days in the year 
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- Aug.—Sept. 


- Sept.—Oét. - 
_ - O8.—Nov, - 
~ Nov.— Dee: | 
- Dec.—Jan. - 


TeQe acid oc of Tine. 


“The Arabic and Turki Year, | Days. | 


Muharram. - -~July - - 20. 
Saphar - - Auguft- - 29 
Rabial. - September - 13 | 90 
Rabia Ii. étober - 29 
Jomada I. November -/ 20 | 
Jomada II. -— December 29 
Rajab_- January — 30 | 
Shafban - February 29 
Ramadam March - 30 
.| Shawal - - April - 29 
“| Dulhaadah -~ May - 20 
Dulheggia - - - June 51 29 


Days in the year - 


\The Arabians add 11 days at the end of every year, 
\\ which’keep the fame months to the fame feafons. 


The ancient Grecian Year. Days. 


Hecatombeon - .- June—July - | 30 
Metagitnion - ~- July—Aug. =| 29 
Boédromion — - Aug.—Sept. 30 
.| Pyanepfion - '~ Sept.—Oet. © 29 
5.| .Maimacierion - O&.—Noy. 320 
Pofideon -* | - - Noy.—Dec. 29° 
-| Gamelion - - Dee.—Jan. 20 
“| Anthefteridn -- - Jan.—Feb. - 29 
{|} Elaphebolion - Feb.—Mar. 20 
Municheon- - Mar.— cape 29 
.| Thargelion - Apr.—May 30 
.| Schirrophorion - - May-June - | 29 
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Daye pS 380. A Dayis either Natural or Artificial. The 
‘Natural Day contains'24 hours; the Artificial, the 
time from Sun-rife to Sun-fet: The Natural Day 
‘is either-Afronomical or Civil, ~The Altronomical 
Day begins at Soon, becaufe the inereafe and de- 
creafe of Days terminated by the Horizon are very. 
unequal among. themfelves; which inequality 1s 
Aa hkewife augmented by the inconftancy of the hori. 
. zontal Refractions, § 189; and therefore the Aftro- 
-nomer takes the Meridian for the limit of diurnal 
Revolutions; reckoning Noon, that is, the inftant 

» when the Sun’s center is-on-the Meridian, for the 
beginning of the Day. The Britifs, French, Duchy 
Germans, Spaniards, Portuguefe, and Egyptians, be- 
gin the CivilDay at Midnight: the ancient Greeks. ‘ 
fews, Bohemians, Silefians, with the modern Ii alians 
and. Chinefe, begin it at Sun-fetting : and the 
ancient Babylonians, Perfians, Syrians, with the 
modern Greeks, at Sun-rifing. | . ; 


Hours, . 981. An Hour.isa certain determinate part of 
. the Day, and is either equal or unequal. Anequal 
Hour is the 24th part of 2 mean-natural Day, as 
fhewn by well-regulated Clocks and Watches 5 
but thefe Hours are not quite equal as meafured 
by the returns of the Sun to the Meridian, becaufe 
of the obliquity of the Ecliptic aad Sun’s unequal 
‘motion in it, § 224-245. Unequal hours are 
thofe by which the Artificial Day is divided into 
twelve parts, and the Night into as many. ¢ 
Minutes, 982. An Hour is divided into 60 equal parts. 
ate oA called Minutes, a Minute into 60 equal parts calle 4 
Seruples. Seconds, and thele again into 60 equal par 1 
Thirds. Vhe ews, Chaldeans, and 4 rabians, divide 
the Hour into 1080 equal parts called Scriples 5 
which number Contains 78 tunes 60, fo that one 
minute contains 18 Scruples, = 


ket 


Cycles of | ; ' A ee Pa 
the sea pao 3. A Cyele is a-perpetual round, or circula- 
Moon, ani tion of the fame parts.of time of an y fort... The 
ICTIOR, = é ti 

| tl Cycle 


ie 


“ 
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Cycle ff the Sunis a revolution of 28 years, in which 

time the days of the month return again, to the 

fame days of. the week; the Sun’s Place to the 

fame Signs and, Degrees of the Eeliptie onthe = °°, 
fame months and days, fo as not to differ one de- 

eree in 100 years; and the Leap years begin the 

fame courfe over again with refpe*t to the days of 

‘the week on which the days of the months fall. 


The Cycle of the Mi oon, commonly called the Golden 
Number, is a revolution of to years 5 in which time, 
‘the Conjunctions, Oppofitiens, and other. Afpects 
of the Moon, are within an hour and half of 
being the fame as they were on the fame days of 
the months 19 years before. The Indiction is a — 


revolution of 15 years, ufed only by the Romans for 


indicating the times of certain payments made 
by the fubjeéis to the Republic: it was e(tablifhed 
by Conjtantine, A. D. 312. 

984. The year of our Savrour’s Birth, accord- To find the 
jng to the vulgar Aéra, was the gth year of the A aba 
) Solar Cycle; the firft year of the Lunar Cycle 5 
and the 312th year after his birth was the firft year 
of the Roman Indiétion. Therefore to find the 

year of the Solar Cycle, add g to any given year ae 

of Curisr, and divide the fum by 28, the Quotient 
is the mumber of Cycles elapfed fince his birth, 

* and the remainder is the Cyele for the given year: | 
if nothing remain, the Cycle is 28, To find the 
Lunar Cycle, add 1 te the given vear of CHRIST, 
and dividetthe fum by 19; the Quotient is the 
number of Cycles elapfed in the interval,and the. 
remainder is the Cycle for the given year: if no- 
- thing remain, the Cycle is.19. Lafilv, fabtract 
312 from, the, given, year of Curist, sud divide 
- the remainder by 153 and what remains after this, 
 divifion is the Indiétion for the given year: if no- 
thing remain, the Indiétiom 18. 15.) 6 sew ve : 


* 985, Although the aes deficiency in the Lu- rhe esci- 
720h a ; gps 3 ae , ‘ “nd xg ny ett ‘e Oe ; TEAS € Cc it tl] 
mat Cs cle of an hour and hali every 19 Yeats ere as 


BBeah’ be, cle; and 


* * 
2: aes, 
‘ we 
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conte. be but {mall, yet in time it becomes fo fenfible as 

quence = to make a whole Natural Day in 310 years. So 

. that, although this Cycle be of ufe, when the 
Golden Numbers are rightly placed againft the 
days of the months in the Calendar, as in our 
Common Prayer Books, for finding the days of the 
mean Conjunctions or Oppofitions of the Sun, 
and Moon, and confequently the time of Eafler 5 
it will only ferve for 310 years, Old Style. For! 
as the New and Full Moons anticipate a day in 
that time, the Golden Numbers ought to be 
placed one day earlier in the Calendar for the 
next 910 years to come. -Thefe Numbers were ; 
rightly placed againft the days of New Moon in- 
the Calendar, by the Council of Nice, A. D. 92557 
but the anticipation, which has been neglected” 
ever fince, is now grown almoft into 5 days;” 
and therefore’ all the Golden Numbers ought - 
now to be placed 5 days higher in the Calendar « 
for the Old Style tham they. were at the time of — 
the faid Council; or fix days lower for the New. 
Style, becaufe at prefent it differs 11 days from 
the Old. 


“Howtofind 386. In the annexed Table, the Golden Num. 
the wy ! bers under the months ftand againft the days of 
Moonbythe New Moon in the left-hand column, for the New 
an. Style; adapted chiefly to the fecond year after — 
: Leap year, as being the neareft mean for all the — 
four; and will ferve till the year 1900. There- 
fore, to find the day of New Moon in any month _ 
of a given year till that time, look for the Golden 
Number of that year under the defired imonth, and 4 
againft it, you have the day of New Moon, in the 
left-hand column. Thus fuppofe it were required 
- to find the day of New Moon, in September 1757 3 . 
the Golden Number for that year is 10, which I 
Jook for under September, and right againft it in the 
\ Jeft-hand column [ find 13, which is the day of 
New Moon in that month. WN. B. If all the 
ee Golden — 


\ 
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| A TABLE of Golden Numbers with the correlponding days of 
L New Moon in each month. 


MONTHS, 


s 

Cc 
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Golden Numbers, except 17 and 6, were fet one . 


‘beginning ofthe year igoo till. the end of the 


4 
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day lower in the Table, it .would ferve from the 


‘year 2199. The firft ‘Table of this’ Chapter 


fhews the Golden Number for’ 4000 years after 


the birth of Curisr; by looking for the even 
hundreds of any given year at the left-hand, and 
for the reft to make up that year at the head of 
the Table; and where the columns meet, you 
have the Golden Number (which is the fame both 
in Old and New Style) for the given year. Thus, 
fuppofe the Golden Number was wanted for the 
year'1757; 1 look for 1700 at the left-hand. of 
the Table, and for 57 at the top of it; then 


_. gniding my eye downwards from 57 to over acainft 


A perpetual 
Table of 

the time of 
New Moen 
to the near- 
eft hour for 
the Old Style. 


1700, [ find 10, which is the Golden Number 
for that. year. : 


387. But becanfe the Lunar Cycle of 19 years 
fometimes includes five Leap years, and at other 


times only four, this Table will fometimes vary a 
day from the truth in Leap years after February. 


And it is impoffible to have one more correét, un- 


lefs we extend it to four times 19 or 76 years; in 
9 / ; 


which there are 19 Leap years without a remain- 


as : =. 
og, 
t Be 


der. But even then to have it of perpetual ufe, it ~~ 


_'beginning with the year of, Curtst. 1724, and | 
faa) han) “4 ’ 


muft be adapted to the Old Style ; hecaufe in every * 


centurial year not divifible by 4, the regular courfe 


of Leap years is interrupted in the New; as will” 
be the cafe in thé year 1800.. Therefore, upon 


the regular Old Style plan, I have computed the 
following Tapie of the mean Times of all the 
New Moons to the neareft hour for 76 years; 


ending with the year 1800. | e : 

This Table'may. be made perpetual, by deduGi- 
ing 6 hours frora the time of New Moon ia any 
given year and month from, 1724 to 1800, in or- 
der to have the mean time of New Moon in any 


year and month 76 years alterwards ;) or deducting 


a 


12 hours. . 
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12 hours for 152 years, 18 hours for 228 years, 


and 24 hours for 304 years: becaufe in that time’ 
the changes of the Moon anticipate almoft a com-— 


plete natural da ay. And if the like number of 
hours be added for fo many years paft, we fhall 


have the mean time of any New Moon. already’ 
elapfed. Suppofe, for example, the mean time of: 


Change was required for January, 1802; deduct 
76 years, and there remains 1726, againft which, 


in the following Table, under *anuary, I find the | 


time of New Moon was on the 2rft day, at 11 in 
the evening: from which take 6 hours, and there 


remains the 21ft day, at 5 in the evening, for the” | 


mean time of Change in Fanuary 1802. Or, if the 


time. bie required for May, A.D. 1701, add 76° 


years, and it makes 1777, which [ look for in the 


Table, and againft it, under May, T find the New 


Moon in that year falls on the 25th day, at g in 
the evening ; to which add 6 hours, and it gives 
the 26th day, at 3 in the morning, for the time of 


New Moon in May, A.D. 1701. For this addi-. 


tion for time paft, or fubtraction for time to come, 
the Table will not vary 24 hours from the truth 
in lefs than 14592 years. And if, inftead of 6 
hours for every 76 years, we add or fubtraét only 

5 hours 52 taimutes, it will not vary a day in 10 
2 anode of years. 

Although this Vable is calculated: for 06 years 
only and according to the Old Sijle, yét by means 
of two eafy equations it may be made to anfwer 
as exactly to the New Style, for any time to come. 
Thus, becaufe the year 1724 in this Table is the 
firfi year of the Cycle for which it is made ; if 
from any year of Curist after 1800 you fubtract 
1723, and divide the overplus by 76, the quotient 


will thew how many entire Cycles of 76 years are’ 


elapfed fince the beginning of the Cycles here pro- 
vided for; and the ‘remiainder will thew the year’ 
| of the current Cycle anfwering to the given year 


ae 
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of Curtst.. Hence, if the remainder be 0, you. 
aa inftead ‘thereof put 76, and Jeflen the quo-. 


ent by unity. 


es i lock in the left-hand pat of the Aon , 


for the pamber in your remainder, and againft it 
you will find the times of all the mean New Moons 
im that year of the prefent Cycle. And whereas 


in 76 babies: years the Maon anticipatés 5 hours. 
42 minutes, 1! therefore thefé 5 hours 52 minutes 


he oalane byt the above-found quotient, that is, 
hy the number of entire Cycles pat ; the product 
inbtracted from the times in the Table will leave 
the corrected times of the New Moons to the 
Old Style ; which may be reduced to the New 
Style thus : 


ghee the number of .entire hundreds in abe, 
given year of Curisr by 4, multiply this quotient 


by 3, to the product, add the remainder, and from 
their fum fubtract 2: this laft remainder denotes 
the number of aay s to be added ‘to the times above 


corrected, in order to reduce them to the New Style. 


The reafon of this is, that every 400 years of the 
New Style gains 3 days upon the Old Style: one of 


‘ which it gains in each of the centurial years fue- 


ceeding « that which is exactly bene® by 4 without 


are mauler: but then, when you | Jave found the | 


days fo gained, 2 muft be fubtraCted from their 
eine on accqunt cf the rectifications made in 

the Calendar by the Council of ‘Nice, and fince by. 
Pope Gregory. Jt mutt alfo de obferved, that the 


additiona ‘davs found as above direéted, do not. 


take place in the centurial years which are not 


multiples of 4 till February 29th Old Style, for’ 


an ‘that day begins the difference between -the 


Styles; ull whieh day, therefore, thofe that were 
éaded in the preceding years muft be ufed. The 


following Example » will AKS this accommo- 
dation plain. er . 


Required 
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Req wired the mean time of New Moon in ‘June, AD. 
“1909 N.S. 


From i1g0g take 1723 
years,andthereremains 186 
Which divided by 76, 
gives the quotient 2 
and the remainder - 34 
Then againft 34 in the ‘ . 
Table, and under Funeis 5° 8° o” Afternoon 
And 5" 52" multiplied by 
2 make to be fubtr.- 11 44 
Remains the mean time 
according to the Old 
Style, Sune. - o- = + 5°38" 16 
Entire hundreds in 1909 © be. 
are 19, which divide by 
4quotes- - - - - 
And leaves a remainder of 
Which quotient multipli- 
ed by 3 makes 12, and 
the ‘remainder being 
added thereto makes - 15 
from which fubtract. 2, 
and there remains-  - 13 _ 
Which number .or days: — 
added to the above 
time, Old Style, gives. 
Tune = » - =.= = 189 8 ‘16° Morn. N.S. 


©? 


So the mean time of New RAson i in Fune 1909, 
New Style, isthe 18th day, at 10 minutes Sek 5 
in the Morning. 

If 11 days be added to the time of any New 
Moon in this Tasze, it will give the Time ofthat < 
New Moon according to the New. Sfyle till the . 
year 1800... And‘if 14 days 18 hours 22 minutes 
be added’to the mean time of New Moon in 
either, Style, it will give the mean time of the 
next Full Moon pig ph late to that Style. 

A Tasie 


~~ 
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A TABLE thewing the times of all the mean Changes of 
thé Moon, to the neareft Hour, through four Lunar Periods, 
or 76 years. M. fignifies Morning; A. Afternoon. | 


Febroary. | March. 


January. 


——<— 


8) 

s 
PLAC | 
3 D. FH: | D. Bihan 


1.| 1724 | 14 5 A. | 23 5 M.| 13 6A. 
2. |, 1725 3 2M.j.1 2A.) 39M, 


¥726)(23 Ma AS] 20 114, M. iron 19, At 


1728 | 30 6 


3 

ayy aay b Une see 

5 M:) | 

6.| 1729 | 18 2A. | 17 
; | 


-7.| 1730 |. 7 14 
.8.| 1731 | 26° 9 
- e . 5 


10.1 1733 | 4 '2 


22. Bue, |g pat An 
11 M, 4-12 10 A, 
Ve yh, 

th 80 4B. Ae 

18 ee 20 4M. 


wT 
fend 
i?) 
> 
© 
a 
> 


2610 A | 28° 1M 
n6, i Mad 16) SA 
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A TABLE of the mean New Moons—continued. 


May. June. | July. , Augutft. 


ee ee er ee eo 


Bb? HOS Dy a 1] Dio 


1724 | 11 '8 A. | 10° 8 M.| 9 9 A. 


1 4M. : . 

1725, dois Al 29) OOM, a8). 27 CA,. 
1726 | 20. 1 M./ 18 2A.| 18 3M 
1727 ‘9 PEM OEY FAP ALT Be GOA 
1728 | 27° 8 M.| 25 9 A. | 95 10 M 
1729 ) 16° 5 Ale} tg. 6 Mija4g, FIA 
1730) 6 2PM eto 4 GLAD gM 
173) a4 tA. fog). GAL iag nM, 
1792 | 13 8 M.j 11-9 A.J 11/10 M. 
ae 6 M. 

F799) 02 * 5 OAL 30 7 As go 8M 
17394 | 21 2A. {20 3M.) 19 4 A. 
1735 | 10 11 Ant go oO Av} .g 12M. 
1736 | 28 9 A. j-27 10 M.| 2611 A 
1737 | 18 5 M.| 16 6 16 9 Mel a4, 8 A 


‘eal 
~j 
wo 

[e0) 
“TI 

Xe) 

> 

D 
to 

pecan 
A 
fe 
> 
aS 
an 
aA 
bea 
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A. 

A. 

A. 

16 oR in 6 M. 
6 2M. 3 A, 


23.12 A. 1 A. | 22 2 M.j 21 
13 8 M. g A. | 11 10 M.j 10 
6 M. 
ie hehe mA. 30 8 ee 29 
Oy ae: 4Mj19 5 A. 19 

g 12 A. PAGE 8s By Nae 
* 
28 g A. 10. M.)|' 26 11 A. | 26 
18 .6 M. 7 A, | 16 8 M.| 15 
yi a dd Md SS A. 
25 1 A. 2 M. 23 3 A, | 23 
mH 9 A. 
M. 


\ 


> 
soiree menos sane cnve 


Yeurs of the 
Clyele 


30. T. | 21 
32. ]. aAl} 1 


28. : 14 21 M. 
| 29. ; Lye ae AN 


5 A: 


2 M. 
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-A TABLE of the mean New Moons—coniinued. 


10 A. 
7M. 
4 A. 
5 M.: 
2 A. 


| 8 40 A. 711M. 


aha ie sre the Dist on of Time. 


Pe ie aes 


ee eee) 


A TABLE of the mean New Moons~-contnued. 


ie CEES Geemenm 


=e 
Cycle, 


. May, June, July. 


29.| 17 Ride Ai An MI. 6 M. A. 
H 28. 13°12 A. | 12. 1A. M. 
ae 9 M.., Bae 
29. Bas Mee M. A. 
ll 30. 7 M.| 19 8 M. M. 
| 3. 4 A. Oe tea As 
| 39. HAL b5o8. aM A. 
| 93. 10 A. |16 11 M A. 
Oi et Be Pf M. 
35. 4M 24 5 A M. 
36. 1 AS} 14 2M A, 
ga 
37: 10 A : e M A. 
38. og A., } 21 to; M Pe. 
39. 4 M.| 10 5 A ) M. 
» | A. 
400 6. M1 29, °8 A M. 
| 41. 14, M.| 17.12 A A. 
H 42 7 A.| 7 8M A. 
5 A.| 26 6M A. 
i - 4.3. ay ey dh : 
Hl aa. aM.| ts 3 4.|15 4M. 
45. 1M. 8.9%) Als) geal ud 
a 46. 8 M..| 22 0 A. 10 M: | 
| 47- S.A. bigs 4M, [11 797 2. 
i i hes ihe M.} 
| 48. S10 Mods AL 30 : he 
| 40. 20 11 A.| 19.0 Aw} 19 1M. 
| 50. 10 8. M.}. 8°19 A 8 9 M. 
51 29 6M.) 27 7 A.) 97 °8 M. 
: 52. 18 3 A. 17 4M. 16 5 A. 
lg: | f A. 1M. 
3a: : ahaa ie ED A. om ee Ps i" 
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rr n 


A TABLE of the Mean New Moons—continued. 


Of the Divifion of Time gg 


2 September} Ottober. | November.} December. 
A OREND ied eis fs: 
ls D. H. |} D. H. D ajvckde Ds, Hi. 
27 7 A i9 $8 M.} 17.9 A.{ 17 10 M, 
28 es ee oe 75M 6 Gi Ar 
29 iM.| 6 2A. / 25 3M. a4 3 A. 
30 yo M.] 15 11 A. {14 0 A. | 14 1M, 
31 Vie ee ee ee ee ee ee 3 10 M. 
32 4 Ay | 24 5 M.| 22 6 AL] 22 6 M. | 
H 33 1M.}12 2A.] 41 3 Muy to 4 As 
i x. 
34 10 M. 31 ee A. 3 s Mii 29 1 A. Gf 
35 4 M.}-20 8 A.|:19..9 Mi] 18 10 A, 
| 36 4A.} 10.5 M.{ 8.6 Av} 8. 7M. 
37 2 A.| 28 3 M.!] 206 4.A,|26 4 M. 
} 38 11 Av hazy OFA, 1G DTS aA. 
39 7 M.} 6 68 As) 95. 0. ME | yp 0A. 
40 5 M.| 25 6 A. | 24 7 M:) 2g 4 AL 
W 41 '2°A.} 14 39 Mi) 19 4 A.-12 5M. 
| 42 10 A 3 11-M.] 112 A ie ; e 
| 43 g A. | 22. 9 M.] 20 10 As | 20 11 M. 
| 44 6 M.| 11 6 Ajj 10 7M Go Ba Bins 
| 45 3M. a9 4 A: }-28 5 M.) 97° 5 A. 
| 46 1 M.{:18-12 A. |]17 1 A. |} 27 2 M. 
147 8-A: | 98.9 M.} 6 40,A.°|..6 11 M. 
48 6 A. | 27 ,7 M.| 25 8 A.| 25 9 M. 
49 2 M:} 15 3 A.} 14 4 Mixes £ A 
50 1i M.} 4 22 A 6. 2plviess, 2 M 
51 9g M:| 93 10 A. | 22 11 M.} 21 213 A 
52 | 6A.113 7M.{312 8 As} 12 9M 
= 1824) 


sioryineags ie Wm ere cM: te ngs Siva AOR OT SRR SER 8 A IE A OY ASR 
Of the Divifion of Time. 
_ A-TABLE of the Mean New Moons—concluded, 


) 
: 


Hw ; ‘ " is ee 
is. January. | February. | March. | April. 
| aS . 
oo! ALD. ——— 
LoD 
og ee ee PLS Sheu 
“a | ed \ 
ie WaT ay 6 A 
Ee ei eee M 


* ‘The year 1800 began a new Cycle.a---+ 
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A. TAB LE of the Mean New Moons—concluded, 
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54. | 1777 
55. | 1778 


56. | 1779 


57x [+1780 
58. | 1781 


| 59. 1782 
4 60. 1783 
| 61. 1784 
| G2. 1785, 


4H 63. | 1786 


I] 64.1 1787 
“| 6s. | 1788 


_ 41 66. | 1789 


| 67.) 179° 


168.) °1791 
69. | 1792 


70. | 1793 
71. | 1794 
72- | 1795 
73} 1796 
74° | 1797. 
75: | 1798 
76: | 1799 

1 1800 


* 


May. June. “|. July. _ Augutt. 


Dig (H, Diy Fy D. /H, Dis. 
25. OQ AT} 94 "20 NLL! S998 11) A. 990 So AG 
15, (6 Mi 13.09 7A) (ote 8 Mu loit. (9 Ay 


4 3A. So Ap bead. SAL! 


7 4 A 6 Te May fe, 6 AR a ty MO 
$5 ° 1A. eos  o-M 3A 2 4M. 
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A TABLE of the Mean New Moons—concluded. 


raf 
ha to inne maniac 


388. The 


= September.|. Oober. | November. | December. 
Re ~~ : 
| ed Dp. H D.  H. ti Pedi i. 
= , 

54.4 26 YOUR TO TAL to. Qe hea. 

55: 10° 9 M.! g:10 A. | 8/31 Mi] 7 

56. age 97 Msy O8* St An oye M. 26 
we 17 OR A Ty: we Ma pe. CALS Bee 

58.1 612A. Oo! EE a a ae ‘ 

59. 25 10 A. | 25 11M.| 93 322 A. | 23 a(t 
¥} Go. 15 OM. . | 19° -| ¥2 | 

¢ : aN ; ) i 1 Aaa: 

H} 61. 3 PAT i ae “| 30. ih 
H 62. a2 1A. | 99 A - | 20 al 
| 63. i OA. + tL A. 4 9g A. 
| : A GM AE eid | 
] 64. 30. 7 Al | ? pA. | 28° oM. . 

G5. ig. 4nd: we M116 °9 ALE 
1 66. Sor Al es a ee A. 6 4M. f 

67. 29 10 M. ai A. 24 12 A. 
if 68. 16 TALL E a A. | 14 10M. 

| Sg. B DA, 5 Az ei. pas 2 ee 
| 70.4 a4° 2M. .- MP 21 4 ACE 
ql 73. -a3 40M. : .[a1 1M. 
| 72.] Oy Hy fae .| 29 10A, | 
73. 20 4A. ; M.. A.118 7M. 
| 74 o 1M. 47. 4A 
! we. 28 11 A.” ) . 26 LA. 
bm 6. 18 8M.| iz- 9 A. as aA 
in 0, 4A. : Ron ie aly 22 
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288. The Cycle of Eafer, alfo called the Dio- Raper 
_ suyfian Period, is a revolution of 532 vears, found Cele any 
by multiplying the Solar Cycle 28, by the Lunar“ 
Cycle 1g. If the New Moons did not anti- 
cipate upon this Cycle, Eafer-day would always | 
be the Sunday next after the firft Full Moon 
which follows the 21ft of March. But on account 
of the above anticipation, § 422. to which no 
proper regard was had before the late alteration 
of the Style, the Ecclefaftic Eafter has feveral 
times been a week different from the irwe [afer 
within this laft Century : which inconvenience is 
now remedied by making the Table which ufed 
to find Eafer for ever, in the Common Prayer 
Book, of no longer ufe than the Lunar differ- a 
ence from the New Style will admit of. 


389. The earliet Eafter poffible is the 22d of Number of 
March, the latef the 25th of April, Within thefe P™e- 
limits are 35 days, and the number belonging to 
each of them is called the Number of Direction ; 
becaule thereby the time of Eafter is found forany - 
given year. To find the number of Direction, 
according to the New Style, enter Table V. follow- 
ing this Chapter, with the complete hundreds of 
any given year at the top, and the years thereof 
(if any) below a hundred at the left hand; and 
_ where the columns meet is the Dominical Letter 
for-the given year. ‘Then enter Table I. with 
the complete hundreds ef the fame year at the left 
hand, and the years below a hundred at the top ; 
and where the columns meet is the Golden Num- 
ber forthe fame year. Laftly, enter Table IT. wita 
the Dominical Letter at the left hand, and Golden. 
Number at the top; and where the columns meet 
is the Number of Direétion for that year; which 
number added to the 21f day of March, fhews 
on what day, either of March or April, Kafer Sunday 
falls in that year. Thus the Dominical Letter 
- New Style for the year 1757 is B(Lable V.) and 

the Galden Number is 10, (Table I.) by which 
qc 8 : | in 


gg0 |. 


To find the 
true Laffer. 


Dorminical_ 


Letter. 


‘ 
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in Table I]. the Number of Direction: is fand to 
be.20; which reckoning from the 21ft of March, . 
ends on the 10th of April, that is, Lafer-Sunday, 
in the year.1757. NN. B. There are always two 
Dominical Letters to. the Leap year, the firft of 
which ‘takes place to the 24th of /ebruary, the lait 
for the following part. of the year. — 


3)0. The ji Jirfi fecen Letters of the Aiphabed are 
commotly placed\in the annaal Almanacks, to. 
{hew on what days of the week the days of the 
months fall throughout the year.’ And becaufe 
one of thofé feven' Letters mutt neceflarily ftand 
again Sunday, it is printed in a capital form, and 
called the Dominical Letier : the other fix being in- 
ferted in fmall: charatters, to denote the thar fix 
days of the week. Now, fince a common Fulian 
Year contains 365 Days, if this number be divided 
by7, the number of days in the week, there will re- 
main one day. If there had been no remainder, 

it is plain the year would conftantly begin on the 
fame day of the week. But fince 1 remains, it is 
evident the year mult begin and erid on the dame 
day of the week ;, and, therelor e, the next, year, 
will begin on the day following: Hence, when 
January begins on HAG A is the Dominical or 
Sunday Letter fort that year: then, becauie the next 
year bots on Monday, the scsi will fall on the 
feventh day, tow hich is annexed he feventh Letter 
G, which, ‘hie afore, willbe. the Dominical Letter 


‘for all that Year : and as the third. year will begin 


on Fuefday, the Surday will fall on the fixth day; 
therefore # will be the Sunday Letter for that year. 
Whence it is evident, that the Sunday Letters will 
xo annually 1 in a retrograde order thus, G, I’, Ey D, 


C,,B, a... And mathe courke of feyen years, if they. 


were ail common ones, the fame days of the week 
and Dominical Letters would retura to the fame 
days of the months. But becaufe there are 366 
days i in a-Leap- -year, if this number be divided by. 
7: there will remain two days over and above the 

; : 5% 


7 


= 
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“52 weeks of which the year confits. And, there- 
fore, if the Leap-year begins.on Sunday, it will end 
on Monday; and the next yyear will begin on 
Tuefday, the firkt Sunday whereof mutt fall on the 
-fixthof January, to which is annexed the Letter 
and not G, as in common years. By this means, 
the Leap year returning every, fourth year, the 
_ order of the Dominical Letters is interrupted ; and 


the feries cannot return to its firft fiate till after 


four times feven, or 28 years; and then the fame 
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days of the months return in order to’ the fame ° 


2 days of the week as before, 


~ 


391. To find the Dominical Letter for any year 


either before or after the Chriftian Ara, 


In Table U1. or IV. for Old Style, or V~ for 
New Style, look for the hundreds of years at 
the head of the Table, and for years below a 
hundred, to. make up the given’ year, at the left 
hand; and -where the columns meet, you have 
the Dominical Letter for the year defired. Thus, 
fuppofe the Dominical Letter be required for the 
year of. Curist 1758, New Style, I look for 1700 
at the head of Table V. and for 58 at the left 
hand of the fame ‘Table; and in the angle of 


To find the 
Dominical 
Letter. 


meeting, I find 4, which is the Dominieal Letter 


for that year. If it was wanting for the fame 


year Old Style, it would be found by Table IV. 


‘to be D. But fo find the Dominical Letter for 


any given year before Curisr, fubtratt one from 
that year, and then proceed ‘ia all refpetts as juft 
now taught, to find it by Table IIl. Thus, fup- 
pofe the Dominical Letter be required for the 
$s5th year before the firlt year of Curist, look 
__.for'500 at the head of Yable Til. and for 84 at 
the left hand; in'’the meeting of thefe columns 
are F, E, whieh were the Domiriical Letters for 
that year, and fhews that it was a Leap year ; 
becanfe Leap year has &lways two Dominical 
ane tid : 3 

rentgod du agiie 4 392. Te 


é 
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aoe: To find the day of the month anfwering. to 
any day of the week, oer the day of the week 
anfwering to any day of the month, for any year 
paft or to come. | 


Having found the Dominical Letter for the 
given year, enter Table VI. with, the Dominical 
Letter at thd head; and. under it, alk the days. 
in that column are Sundays, in the Divifions of 
the months; the next column to the right hand 
are Mondays ; the next, Tuefdays.; and fo on 
to, the laft columa under x from which go back 
to the column under 4, and thence proceed to- 
wards the right hand as before. Thus, in the 


~ year 1757, the Dominical Letter New Style is B, 


in, Fable V.; then in Tabie VI, all the days 


under B are Sundays in that year, viz. the ad; 


oth, 16th, 23d, and goth of Fanuary and Odto~ 
ber ; the 6th, 19¢h, 2oth, and eyth of February, 
March, and November: the 3d, 10th, and 17th, 
of Apr il and July, together with the. arf of Fuly 5 
and fo on to the foot of the column. ‘Then, of 
courfe, all the days under C are Mondays, namely, 
the 3d, 10th; &c. of Fanuary and Odtober ; and 
fo of all. the reft in that column. If the day of 
the week anfwering to any day of the month be re- 
quired, it. is eafily had from the fame Table by 
the Letter that fiands at the top of the column in 
which the given day of the month is found. Thus, 

the Letter that fiands over the 28th of May is 4 ; 

and in the year 585 before Curist, the Domi: 
nical Letters were found to be F, Bs &39%3 


which beiag a Leap year, and)E taking place — 


from the 24th of February to the end “of that 
year, thews by the Table that the 25th of May 
was on a Sunday; and therefore the 28th muft. 
have been on a Wednejday; for when E ftands 
for Sunday, F mutt ftand for Menday, G for Tue/- 
day, &c. . Hence, as it is faid that the famous 
Evlipfe of the Sun. foretold by Tuates, .by which 
a peace was brought about between the Medes 
d 1g | and 
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and Lydians, happened on the 28th of May, in 
the 585th year before Curist, it fell on a Weds 
nefilay. | 


393. From the multiplication of the Solar Cycle ian 
of 28 years, into the Lunar Cycle of 19 years, and Period. 
the Roman Indiétion of 15 years, arifes the great 
Fulian Period, confitting of 7980 years, which had 
its beginning 764 years befqre Strauchius’s fup- 
pofed year of the Creation (for no later could all 
the three Cycles begin together), and it 1s not 
yet completed : and therefore it includes all other 
Cycles, Periods, and AZras. There is but one 
year in the whole Period that has the fame num- 
bers for the three Cycles of which it is made up: 
and, therefore, if hiftorians had remarked in their 
writings the Cycles of each year, there had been 
no difpute about the time of any action recorded 
by them. csi od ew | 
394. Lhe Dionyfian or vulgar fera. of CHRIST’S To find the 
_ birth was about the end of the year of the Fulian yer of th 
>! c eriod. 
Period 4713; and confequently the firft year of 
his age, according to that account, was the 4714th 
year of the faid Period. Therefore, if to the cur- 
rent year of Curist we add 4713, the funr will be 
the year of the Fulian Period. So the year 1757 
will be found to be the 6470th year of that Period. 
Or, to find the year of the Fulian Period anfwering 
to any given year before the firft year of Curist, 
fubtraét the number ofthat given year from 4714, 
and the remainder will be the year of the Fulian 
Period. ‘Thus, the year 585 before the firlt year 
of Curis, which was the 584th before his birth, 
was the 4129th year of the faid Reriod. Lattly, to 
find the Cycles of the Sun, Moon, and Indiétion, 
for any given year of this Period, divide the given 
year by 28, 19, and 153; the three remainders will 
be the Cycles fought, and the Quotients the nut: And the. 
_ bers of Cycles run fince the beginning of the Pe- eo 
iod. So in the above 4714th year of the Fudan — ; 
paisa, the Cycle of the Sun was jo, the Cycle % 
| the 
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‘the Moon 2, and the Cycle of Indi@ion 4; the 


Solar Cycle having run through 168 courfes, the 
pee 248, and the Indi@ion 24 4s 


395. The vulgar fiira of Opto: birth was 


never fettled till the year 527, when Dionyfus Exi- 


Pils, a Roman Abbot; fixed it to the end of the 
4733th year of the Falian Period, which was four 

Ad too late,—For our Saviour was born before 
the death of Herod, who fought to kill him as foon 
as he heard of his birth. And according to the 
teftimony of Fofephus (B. xvii. ch. 8.) there was an 
Eclipfe of the Moon at the time of Ifcrod’s laft 
ilnefs.; which Eclipfe appears by our Aftrono- 
mical ‘Vables to have been in the year of the Fu- 
fran Period 4710, March 17th, at 3 hours paft 
midnight, at Ferufalem. Now as our Saviour 
mufi have been’ born fome months before Hcrod’s 
death, fince in the interval he was carried into 
Eeypt, the lateft time in whieh we can fix the 
true ALra of his birth is about the end of the 
47ogth year of the. Fulian Period, 

There is a remarkable Prophecy delivered ‘to-us 
im the ninth chapter of the book of Daniel, which, 
from 9 certain Epoch, fixes the time of reftoring the 
flate of the Jews, and of building the walls -of 
Fer shat the coming of the Messtait; his death, 
and the-deftrnction of Fer bic ah —But fome parts 
of this Prophecy (Pen 5.) are fo ingudicioutly 
peice in our Enelifh fe ea of the Bible, that, 
if they be read according to thofe: ftops of point- 
jeg, they are quite unintelligible, —But thé learned 


~ Prideaux; by altering tl hefe ftops, makes the. 


fone very plain: and as the feems to me to have 
explained the wnole of it better than any other au- 
thor I have read on the fubject, I {hall fet: down 


‘the whole of the Prophecy according. as he has 


pointed it, to fhew in what manner he has divided 
ii into ae different parts. : 
Ver, 24, Seventy avecks are determined Mica 
j SUS 9) Lo'glav SO of - thy 


sf 
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thy People, ‘and upon thy holy, City, to finifh the 
Tranfgrejion, and to make an end of Sins, ‘and to 
make reconciliation for Iniquity, and to bring im 
everlafiing, Righteoufrefs, and to feal up the V ‘ifion, 
and the Pr ophecy, and to anoint the moft holy. 


-Ver25. Know therefore and uniler fiand, that from, 
the going forth of the Commandment to reflore.and 
build Jerufalem unio the MEsstaH “ tpl? on 
_be fecen weeks and .threefcore and. two weeks, the 
_fireet frall be built again, and so wal even in 
troublous times. 


Ver, 26. And after threcfcore and two weeks 
Jhall Messtau be cut off but not for himfelf, 
- and the people of the Prince that frail. come, 
— frall deftroy the City and Sanéluary, and the end 
thereof frall be with a Flood, and unto the end of 
the war defolations are determined, 


Ver. 27. And he Srall confirne the Covenant coith 
MANY, for one week, and inthe midft * of the week he 
_fhall caufe the facrifice and the obli a ‘o ceafe, and 
jor the overfpreading of abominations he shall make 
i defolate even until the Cor vfummation, and that 
deter mined fhall be poured upon the defolate. 


395 


- Fhis Commandment was given to Ezra by Ar- 
taxerxes Longimanus, in the feyenth year of that. 
King’s reign (Ezra, ch. vii. ver. 17-26.) Ezra be- 
gan ‘the work, which was afterwards accomplifhed 
by Nehemiah: in which they met with ereat oppo- 
fition and trouble from the » Samaritans and others, 
.during the firft feven weeks, or 49 years. 
| Krom this accomplithment till the time when 
Curist’s meflenger, John the Baptilt, began to 
preach the Kingdom of the Musstan, 62 ‘weeks, 
or 434 years. 

From thence to the aainniaie of Raster S pub- 
lic miniftry, half a week, or 3} years. 

And from thence to the death of Curist, half 

a wanna or 32 years; mM which half: weak he 


* The 'D aie fays, that this ought to He rendered the half 
pert of ile weck, not the muldft. 
| preached, 
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preached, and confirmed the Covenant of the Gofpel 
with many. Raye bs 

In all, from the going forth of the Command- 
ment till the Death of Curist, 70 weeks, or 490 
yeu's. | ! f 
And, laftly; in a very ftriking manner, the Pro-. 
phecy foretels what fhould come to pafs after the 


‘expiration of the feventy weeks ; namely, the De- 


fruétion of the City and Sanctuary by the people of 
the Prince that was to come ; which were the Roman 
armies, under the command of 7itus their Prince; 
whocame upon Ferufalem as a torrent, with their’ 
idolatrous imagés, which were an abomination to 
the ews, and under which they marched againift 


them, invaded their land, and befieged their holy 


City, and by a calamitous war, brought fuch ut- 
ter defirn&ion upon both, that the Fews have 
never been able to recover themfelves, even to 
this day. | | SLA 
Now, both by the undoubted Canon of Péolemy, 
and the famous Avra of Nabonagar, the beginning 
of the feventh year of the reign of Artaxerzes Lon- 
gimanus, King of Perfia, who is called Ahafuerus 
in the book of her, is pmned down to the 
4256th year of the ¥ulian Period, in which year 
he gaye Ezra the above-mentioned ample Com- 
miffion: from which, count 490. years to the 
death of Curist, and it will carry the fame ta 
the 4746th year of the Fulian Period. bites 
Our Saturday is the Fewifh Sabbath: and it is- 
plain from St. Mark, ch. xv. ver. 42. and St. 


_ Luke, ch. xxiii. ver. 54; that Curist was cruci-- 


fied 6n a Friday, feemg the Crucifixion was on 
the dav next before the Jewi/h Sabbath—And 
according te St. John, ch. xviii, ver 28. on the 
day that the Paffover was to be eaten, at leaft by 

many of the Jews. 7 | 
The Fews reckoned their months by the Moon, 
and their years by the apparent revolution of the 
Sun: and they ate the Pailoyer on the 14th day of 
| ; the 
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the month of Nefan, which was the firft month of 
their year, reckoning from the firft appearance of 
the New Moon, which at that time of the vear 
‘ might be on the evening of the day next after the 
change, if the {ky was-clear. ‘So that their 14th 
day of the month anfwers to our fifteenth day ef 
the Moon, on which fhe is full.—Confequently, 
the Paffover was always kept on the day of Full 
Moon. A | 
And the Full Moon at which it was kept, was 
that one which happened next after the Vernal - 
Equinox.—For Josephus exprefsty fays (Antig. B. 
iii. ch. 10.) “ The Patiover was kept on the 14th 
*< day of the month of Ni/an, according to the 
*“ Moon when the Sun was in Aries.”,—And the 
Sun always enters Aries at the inftant of the 
Vernal Equinox ; which, in our Saviour’s time, 
fell on. the 22d day of March. } 
The difpute among Chronologers about the year 
ef Curist’s Death is limited to four or five years 
at moft.—But, as we have fhewn that he was cru- 
ecified on the day of a Pafcal Full Moon, and on 
a Friday, all that we have to do, in order to afcer- 
tain the year of his death, is only to compute in 
which of thofe years there was a Paffover Full 
Moon on a Friday.—For, the Full Moons antiei- 
pate eleven days every year (12 Lunar Months 
being fo much {hort of a Solar year), and therefore, 
once in every three years at leaft, the Jews were 
obliged to fet their Paflover a whole month for- 
warder than it fell by the courfe of the Moon, on 
the year next before, in order to keep it at the Full 
Moon next after the Equinox; therefore there 
could not be two Paffovers on the fame nominal 
day of the week within the compafs of a few 
neighbouring years. And I find by calculation, 
the only Paflover Full Moon that fell on a #7eday, 
. for feveral years before or after the difputed year 
of the Crucifixion, was on the 3d day of Apri, 
in the 4746th year of the Julian Period, which 
: was 
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was the 4goth year after Ezra. received. the 
above-mentioned Commiffion trom, Artaxerxes 
Longimanus, according to Ptolemy’s Canon, and 
the year in which the Mzssi4n was:to be cut off, 
according to the Prophecy, reckoning from the 
gomg forth of that. Commifiion or Command- 
ment: and this 4goth year was the 33d year of 
our Saviour’s age, reckoning from. the vulgar 
Era of his birth ; but the 37th, reckoning from 
the true /Era thereof. 

And, when we. reflect. on what. the Yezws told 


i e foine time before his death ( Sohn, Ville..5 7.) 


© Thou art not yet fifi y years old,” we mutt confefs 
that it flioould feem much likelier to have been 
faid- to a perfon near: forty than to one, but jutt 
turned of thirty. And we may eafily fuppofe- 
that’ St. Luke expre efled himfelf only inj round 
numbers, when he Iaid that. Chri?é was baplized 
about the 30th year of his age, when he began his: 
public minifiry; as..ou : Saviour. himfelf did, 
when he jaid he fhould ile three days and ihnec 
nights. the grave. \. 

"The 4 4740th year of the sa fan Period; which 
we have aftronomically proved tobe the: year of 
the Crucifixion, wasthe Ap year of the 202d Olym- 
piad; in. which year,, Phlegon,,a heathen writer, 
tells us, there was the maf extruordinar: y Lclipfe of 
the Sun that ever was feen. Bat. I find by calcula- 
tion, that there conid be no total Eclipfe of the 


Sun at. ferufalem, in a natural way, in, that yeat. 


—So that what JAlegon here calls an Eclipfe of 
the Sun feéems to have been the great.darknefs for 
three hours at’ the time-of our ‘Savionn’s Cruci- 
fixidn, as mentioned by. the Eyangel ifts: a dark- 
nefs altogether fupernatural, as the Moon -was 


‘then in the fide of the Heavens* oppofite to the 


Sun; and therefore could not poflibly darken the 


Sun to any part of the Earth. 


396. As there are certain fixed points in the 4 
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Heavens from which Aftronomers begin their 
' computations, fo there are certain points of time 
+ from which hiftorians. begin to reckon ; and thefe 
points, or roots of time, are called A’ras or Epochs. 

The molt remarkable ras are, thofe of the 


Ree am - 


Creation, the Greek Olympiads, the building of 
Rome, the dra of Nabonaffar, the Death of 
Alexander, the Birth of Crist, the Arabian 


| Hegira, and the Perfian Yefilevird : ‘all which, 
together with. feveral others of lefs note, have 
their Beginnings in the following Table fixed to 
‘the years of the Julian Period, to the Age of 
the World at thofe times, and to the Years before 
and after the year of Curisr’s birth. 


———————— 
i : 


-| 3996 


van Wioft 
1. The Creation of the World - “ - 00 a 
Pay The Deluge, or Noal’s Flood - ; 2362) 16561 2 

|. The 4//yrian Monarchy founded by ici: -| 253711831 
fa. The Birthef Abraham — .- - - - -/' 2414 |'2008 
5. The Deittruction of Sodom and Gomorrah - -12216 | 211C 
#6. ‘The Eeginning of the Kingdom of Athens by Cecrops) 3157 | 2451 
i494. Mofes receives the Ten Commandments — - / 3222 | an A 
1s. T he Katrance of the. I/raciites into Cannan - | 3262 | 2556 
g: The Argonautic Expedition - - - ++ 9490/9714 a 
yo. The Deitrucion of Troy - - - - | 35041 2798 | 
11. The beginning of King David’s Reign —- ; 3650 | 2044 
42. The Foundation of Solomon’ s Temple - -} 3701 | 2095 
13. Lycrr ‘cus forms his excellent Laws  - - | 3829 | 3103 
T4. Arbaces, the firft King of the Medes - - - 3838) 31: 2 | 
fis. Mandaucus; the {econd ~ - os ~| 3865 8150 
916. Sofarmus, the third - - “ - . 3915 3209 
17. Tie Beginning of the Olympiads ~ 7 | 2938 13232 
18. Altica, the fourth King of the Medes - | 8045 | 3259 
ie ‘The Catonian Epocha of the Buil ding of Rome | 3G61 | 3255 
. The Aira of Nabonaffir - - - . - 3967 | 3261, 

aad The Deftruction of Sumaria by Salmanefer - ; 2992 | 3286 
‘fi22. The firit Echpte of the Moou on Record - 3993 Soe? 
#23. dabei the fifth King of the Medes - 3290 
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1999 | 
1897; 
1556 
149h 
ASH 
1293) 
1¢ Oe 
10038 


24. ELrgortcs, 
‘ 


~_ 
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. The Reformation begun by Martin Luther - 3 


: Period 
124. Phraortes, the fixth - Sen - - -| 4058 | 
;25- Cyaxares, the feventh - = =| 4080}: 
26. The firft Babyloni/h Captivity hy Riki oi kadecsicay: 4107 
27. Thelong Warended betweenthe Medes and Iydians| 4111 |: 
28. The fecond Babylonijfh Captivity, and Birth of Cyrus| 4114 
29. The Detftruction. of Solomon’s ‘Temple | - - =| 4125 
30. Nebuchadnezzar ftruck with Madnefs - - “| 4144 
31. Daniel’s Vifion of the four Monarchies - | 4158 
32. Cyrus begins to reign in the A Shige pinpire “| 4477 15 
33. The Battle of Marathon” - - -| 4.223 
34. Artaxerxes Longimanus begins wie h Me ~| 4.249 
35. ‘The Beginning of Daniel’steventy W eeks of Years} 4256 
36. The Beginning of the Peloponnefian War. - -| 4282]; 
37. Alexander’s y Reng at Arbela - - - ~| 4383 
38. His Death ~ - —  =14390 | 
39- The Captivity of 100,000 rae by ae Ptolemy — -| 4393 
40. The Coloffus of Rhodes thrown down by an 5 
Earthquake = - - 6 | 449 
41. Antiochus defeated by Punt Pitlopater: - -| 4496 
42. The famous Ancuimepes murdered at Syracufe -}4506 
43. Jafon butchers the Inbabitants of Jerufalem - -| 4543 
444. Corinth plundered and burat by Vonlul Muminizs} 4567 |: 
45. Julius Cefar invades Britain . - -|4659 |: 
46. He correéts the Calendar - - - & -| 4677 
47. Is killed in the Senate-Houfe - - - -| 4671 
48. Herod made king of Judea - - 14673]; 
. Anthony defeated at the Battle atuiaivan : -| 4683 
50. Agrippa builds the Pantheon at Rome - -| 4688 
5t. Thetrue Era of Curist’s Birth - “ -| 4709 
52. The Death of Herod - - = - -| 4710 
153. The Dionyfian or vulgar Fra of Curtst’s Birth -44719 
54. The true year of his Crisiizion ee - -1 4746 
55. The Deftrucion of Jerufalem - ~ - +1 4983 
56. Adrian builds the long Wallin Britain - -| 4833 
57. Conftantius defeats the Piéis in Britain - \ 15019 
58. The Council of Nice - af - +5038 
59. The Death of Conftantine the Great ~ - > -15050 
60. The Saxons invited into Britain - - -}5158 
61. The Arabian Hegira - rhOGRS 
62. The Death of Mohammed the pretended Prophet 5343 
63. ‘The Perfian Yefdegird — - 45344 
64. The Sun, Moon, and all the Planets in bi, 
Sept.14, as feen from the Earth = 4 uf 5299 
\65. The Art of Printing difcovered = = -| 6153. 
66 6230 | 
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Y.ofthe| Before 
.| Chritt. 


Table of Remarkable Aras and Events. 


Julian |Yof the! After Ih. 
Period | World, |Chritt. {f 


6295] 5589/1582 
6371 | 5665 | 1658 | 
63551 56491 1640 | 
6380 | 5674.) 1667 | 
6382 B07 abi : 
6416 | 5710 

6418 57191 1705 
6440 | 5734) 1727 
6423]5717/1710]f 
6489 | 5783 |.1776 


| 67. Reformation of the Calendar by Gregory - 
68. Oliver Cromwell died > - a ae StS 
69. Sir [aac Newton born, December a5th =" 
70. Elected fellow of Trinity College, Cambridge 
71. Invented Fluxions - - - 
72. Made Prefident of the Royal Society 
73. Knighted by Queen Anne  -  - 
| 74+ Died, March 20th - - - - 
§75- Mr. Fergufon born - = | car Fas 
“476. Died, November 16th - — - ets eA 
(|/77. The alteration of the Old to the New Style in 
Britain, the 3d of September being reckoned the 
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Eek beh 


Ate Eh hae LOR Ee Rie! inet =! 646557591 17521 
78. Georgian Planet, difcovered March 13th - - | 6494| 5788/1781 fF 
6497 | 5791) 1784 | 
6502 | 5796| 1789 
6514| 5808} 1801 
6515 | 5809| 1802 |} 
|| 83. Planet uno, difcovered September 1 - | = |.6517-) 5811) 1804] 
4/84. Planet Veffa, difcovered March 29th - - | 6520} 5814) 1807} 


79. A Volcano difcovered in the Moon - / © - 
80. French Revolution - sae - - 
}\81. Planet Ceres, difcovered Fanuary 1f - 
}| 82. Planet Pallas, difcovered March 28th = - 


In fixing the year of the Creation to the 706th 
year of the Julan Period, which was the 4007 th. 
year before the year of Curist’s Birth, I have 
_ followed Mr. Bedford in his Scripture Chronology, 
| printed A. D. 1730, and Mr. K ennedy, in a work 
of the fame kind, printed A. D. 1762. — Mr. 
Bedford takes it only for granted that the World 
was created at the time of the Autumnal Equinox 5 
but Mr. Kennedy affirms that the faid Equinox 


"BOT: 


1708 | 


Age of the : 
World un- 
certain. 


was at the noon of the fourth day of the Creation-— 
» week, and that the Moon was then 24 hours paft- 


her oppofition to the Sun.—If Mofes heal told us 


the fame things, we fhould have had fufficient’ 


data for fixin g the #ra of the Creation: but as he 


has been filent on thefe points, we muft confider. 
the beft accounts of Chronologers as. entirely a 


_.. hypotheticad and uncertain. 
on’ D pb 
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for 4200 Years after the Chriftian Aira. 
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TABLE VI. Shewing the Days of the Months, for 
both Styles by the Dominical Letters. 


Week Days. 


January 31 - - - 
|| October 32. -. - - 


Apiivgo |< =) -)- 
Slyee) Th 


|) Augutt 31- - - - 


i Septembergo- - - 
| December 31- -._- 
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CHAP. XXI 


A Delt ition of the Aftr onomical M. achiner ‘Yy eouina 
to explain and illufirate the foregoing il he a this . 
i % reatife. 


997.F (HE Orrery. This Machine hewe the ep 
: Motions of the Sun, ee ee Venus, page. - 

Earth, and Moon; and occafionaily, the fuperior afi au 
Planets, Mars, J upiter, and Saturn, may be put 
on; Jupiter’s four Satellites are moved round him - 
ta their proper ‘times by a fmall Winch; and Sa- 
‘turn has Ins five Satellites, and his: Ring, which 
‘keeps its Parallelifm round the Sun; and bya 
Lamp put in the Sun’s place, the Ring thews all 
the Phafes defcribed in the 204th Article. / 

“In the Center, No. 1. reprefents the Suy,. fup- The Sua, 
ported by its Axis inclining almoft 8 Degrees 
from the Axis of the Ecliptic; and turning round 
in 25% days on its Axis, of which the North Pole’ 
inclines towards the 8th Degree of Pifces in the 
great Ecliptic (No. 11.), whereon the Months and fe Ese 
Days are engraven over the Signs and Degrees in 
which the Sun appears, as feen. from the Earth, Th eae 
the different days of the year. 

The neareft Planet (No, 2. .) to the Sein is Mer- Mercary,~ 
~ cury, which goes round him in $7 days 23 hours,’ 
OF 8752 diurnal rotations of the Earth ; “bat has 
no Motion round its Axis inthe’ Machine, becaufe 
the time pf its diurnal Motion in the Heavens is 
not known to as. 

The next Planet in order is Venus (No. 3.) which Venus, 
performs her annual courfe in 224 days 17 hours; 
and turns round her Axis in.24 days 8 hours, or 
in 24+ diurnal rotations of the Earth. Her Axis - - 
inclines 75 Degrees from the Axts‘of the Ecliptic, 
and her North Pole inclines towards the 20th De- 

ree of ideal according tothe obiervations of 

DD4- 7 Bianchint, 


* 
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Bianchini. She thews all the Phenomena defcribed 


' from the 3oth to the 44th Article in Chap. I. 


The Earth. 


~ Next without the Orbit of Venus is the Earch, 
(No. 4.) which turns round its Axis, to any fixed - 
point at a great diftance, in 23 hours 56 minutes 
4 feconds, of mean folar time (§ 221, &/eg.), but 


from. the Sun to the Sun again mm 24 heurs of the 


fame time. No. 6. is a fydereal Dial-plate under the 


Earth; and No, 7. a folar Dial-plate on the 


cover of the Machine, The Index of the former 
fhews fydereal, and of the latter, folar time ;, and 
hence, the former Index gains one entire reyolu- 
tion on the latter every year, as 365 folar or naty- 


_ ral days contain 366 fydereal days, or apparent re- 


volutions of the Stars. In the time that the Earth 
makes 365% diurnal rotations on its Axis, it goes 


-once round the’Sun in the Plane of the Ecliptic ; 


and always keeps oppofite to a moving Index 


(No. 10.), which fhews the Sun’s apparent. daily 


change of place, and alfo the days of the months, 
The Earth is half covered with a black cap, for 


- dividing the apparently enlightened half next the 
' Sun from the other half, which when turned away 


from him isin the dark. The edge of the cap re- 


prefents the Circle bounding Light and Darknefs, and 
_ fhews at what time the Sun rifes and fets to all 


places throughout the year, ‘The Earth’s Axis in- 
clines: 232 Degrees from the Axis of the Ecliptic, 
the North Pole inclines towards the beginning of 
Cancer, and keeps its Parallelif{m throughout its 
annual Courfe, § 48, 202; fo that in Summer the 


- northern parts of the Earth incline towards the 


Sun, and in Winter from him: by which means 
the different Jengths of days and nights, and the 


caufe of the various feafons, are demonftrated to 


fight, _ | | 
_ There is a broad Horizon, to the upper fide of 


~~ which is fixed a Meridian fernicircle in the North 
_and South points, graduated on both fides from 


the Horizon to.go° in the Zenith, or vertical Point. 
Bae i ache a a en bi ie ‘The 


wa: ‘ 
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The edge of the Horizon is graduated from the 
- Eaft and Weft to the South and North Points, and 
within thefe Divificns are the points of the Com- 
_ pafs. From the lower fide of this thin Horizon- 
plate, ftand out four fmall Wires, to which is fixed 
a [wilight-circle 18 Degrees from the graduated 
fide of the Horizon. all round. -T hist Horizon 
may be put upon the Earth, when the cap is taken 
away, and rectified to the Latitude of any place: 
and then, by a {mall Wire called the Solar Rat LY, 
~ which may be put on foas to proceed direGily fr ‘om. 
the Sun’s Center towards the Earth’s, but to come 
no farther. than almoft.to touch.the Horizon. The 
beginning of Twilight, time of Sun-fifing, with — 
his Amplitude, Meridian Altitude, Time of Set- 
ting, Amplitude then, and End of Twilight, are 
fhewn for every day of the year, at, that place. to 
‘which the Horizon is rettified. 

The Moon (No, 5.) goes round the Ear th, from The Moon. 
between it and any fixed point at a great diftance, 
in 27 days 7 hours 43 minutes, or through all the 
Signs and Degrees of her Orbit; which is called 

her Periodical Revolution ; but fhe goes round from 
_the Sun to in Reg again, or from Change ‘to 
Change, in 29 days 12 hours 45 minutes, “which 
is her Synadical Benita ; and in that time {he 
exhibits all the Phafes already deferibed, § 255. 
_ When the above-mentioned ‘Horizon is rectified 
to the Latitude of any given place, the ‘limes of 
the Moon’s rifing and fetting, together with her 
_ Amplitude, are thewn to. that place as well as the 
Sun’s; and all the various Phenomena of the 
Harveft-Moon, § 27 32 & feq. are made obvious to 
fight. : 
vate Moon’s ee (No...9,) is condinedst the The Nodes. 
: Ecliptic (No, 11.), one half being above, and the 
other below it. The Nodes, or Points at o and o, 
he in the Plane of the Ecliptic, as deferibed § 317, 

918, and fhift backwards through all the Signs and 
Degrees in 185 years, ~The Degrees ofthe Moon’s 
Latitude, 
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- Latitude, to the higheft-at N E (North Latitude), 
and loweft at SZ (South Latitude), are engraven — 


both ways from her Nodes at 6 and o; and as the 
Moon rifes and falls in her Orbit according to its 
inclination, her: Latitude and Diftance from her 
Nodes are fhewn for every day; having firft reéti- | 
fied her Orbit fo as to fet the Nodes to their proper 
places in the Ecliptic: and then, as they come 
about at different, and almoft oppofite, times of the 
year, § 319, and point twice towards the Sun; all 
the Eclipfes may be fhewn for hundreds of years, 
without any new reétification, by turning the 
Machinery backwards for time patt, or forwards for 


‘time to come. At 17 Degrees diftance from each * 


Node, on both fides, is engraven a fmall Sun; and 
at 12 Degrees diftance, a fmall Moon; which 
fhew the limits of folar and lunar Eclipfes,'§ 917: 
and when, at any change, the Moon falls between _ 
either of thefe Suns and the Node, the Sun will be — 
eclipfed on the day pointed to by the Annual In- 
dex (No. ro.), and as the Moon has then North or 
South Latitude, one may eafily judge whether that. 
Eclipfe will be vifible in the Northern or Southern 
Hemifphere; efpecially as the Earth’s Axis in- — 
clines towards the Sun, or from him at that time. 
And when, at any Full, the Moon falls between 
either of the little Moons and Node, the will be- 
echpfed, and the Annual Index fhews the day of 
that Eclipfe. There is a Circle of 294 equal parts 


_(No. 8.) on the cover of the Machine, on which 


an Index fhews the days of the Moon’s age. 

A femi-ellipfis and femi- circle are fixed to an el- 
liptical rmg, which being put like a cap upon the 
Earth, and the forked part F upon the Moon, | 
fhews the Tides as the Earth turns round within — 
them, and they are led round it- by the Moon, 
When the different places come to the femi-ellipfis 


~AaEbB, they have Tides of Flood: and when 


they come to the femi-circle CE D, they have Tides _ 
lI | | of 


4 
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of Ebb, § 304, 305; the Index on the Hour-Circle 
(No. 7.) fhewing the times of thefe Phenomena, 
_ There is a jointed Wire, of which one end being 
“put into a hole in the upright ftem that holds the 
-Earth’s cap, and the Wire laid into a {mall forked 
piece which may be occafionally put upon Venus 
or Mercury, fhews the direét and retrograde Mo- 
tions of thefe two Planets, with their fiationary 
Times and Places as feen from the Earth. 
The whole Machinery is turned by awinchor. - ° 
handle (No. 12.), and is fo eafily moved, that a : 
_clock might turn it without any danger of floppihg. 
To give a Plate of the wheel-work of this Ma- 
chine would anfwer no purpofe, becaufe many of 
the wheels lie fo behind others, as to hide them 
from fight in any view whatfoever. Sienna 
+ 398. Another Orrery. In this Machine, which 4 voter 
is the fimpleft I ever faw, for fhewing the diurnal Oxzeax. 
and annual motions of the Earth, together with 
the motion of the Moon and her Nodes, 4 and BP*At* 
are two oblong f{quare plates held together by four Fig. 1. 
upright pillars ; of which three appear at /, g, and 
¢2. Under the Plate 4 is an endlefs {crew on the 
_ Axis of the handle 6, which works in a wheel fixed. 
onthe fame Axis with the double-grooved wheel 
_ E; andon the top of this Axis is fixed the toothed 
- wheel z, which turns the. pinion 4, on the top of 
whofe Axis is the pinion & 2, which turns another 
pinion 6.2, and that turns a third, which being - 
fixed on a2, the Axis of the Earth U, turns it 
-yound, and the earth with it: this laft Axis inclines 
in an angle of 234 Degrees. ‘The fupporter X 2, 
in which the Axis of the Earth turns, is fixed to 
the moveable Plate C- ; 
‘In the fixed Plate’ B, beyond H, is fixed the 
 firong wire d, on which hangs the Sun T;, fo as it 
may turn round the wire. To this 5un is fixed the 
wire or folar ray Z, which, as the Earth U turns 
ound its Axis, points to all the places that the 
Sun paffes vertically over, every day of the eit S 
er), aR 16 
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The Earth is half covered with a black cap a, aie 


aa 


in the former Orrery, for dividing the day from ~ 


the night; and as the different places come out 


from below the edge of the. cap, or go in below it, , 


they fhew the times of Sun- rifing and fetting every 
day of the year. ‘This cap is fixed on the wire 0, 


which has a forked piece C turning round the wire | 
- d: and, as the Earth goes round the Sun, it me 


ries the ‘Cap, Wire, and folar Ray round him ; 
that the folar Ray sonra pense towards: ane 
Earth’s Center. 


On the Axis of the pinion k is the pinion My 


which turns a wheel on the cock or fupporter 7, 
and on the axis of this wheel neareft n isa pinion 
(hid from view) under the Plate C, which pinion 


turns a wheel that carries the Moon V round the 


Earth U ; the Moon’s Axis rifing and falling in 


the. focket W, which is fixed to the triangular piece 


above Z; and this piece is fixed to the top of the 


- Axis of the laft-mentioned wheel. The focket W 
is flit on the outermott fide: and in this flit the 


two pins near Y, fixed in the Moon’s Axis, move 
up and down; one of them being above the in- 
clined Plane VX, and the other below it.. By this 
mechanifm, the Moon V, moves round the Earth 


Tin the inclined Orbit g, parallel to the Plane of 


the Ring ¥-X ; of which the Defcending Nede is 
at X,and the Afcending Node oppofite to it, but 
hid by the fupporter Bi. 

The fmall wheel E turns the large wheels D ond 
F, of equal diameters, by cat-eut firings crofling 
between them; and the Axes of thefe two wheels 


are cranked at Gand H, above the Plate B. The . 


upright ftems of thefe cranks going through the — 


Plate C, carry it over and over the fixed Plate B, 


with a motion which carries the Earth U, atone 
the Sun 7; keeping the Earth’s Axis always parallel 


to itfelf, or {till inclining towards the left hand of 


the Plate; and fhewing the viciflitudes of feafons, 
as defer ed a in the tenth chapter. As the arth 
: A Cote » goes 
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goes round the Sun, the pinion & goes round the 
wheel 7, for the Axis of k never touches the fixed 


’ Plate B, but turns on a wire fixed into the PlateC, 


On the top of the crank G is an index L, which 
goes round the Circle m2 in the time that the 
Earth goes round the Sun, and points to the days 


of the months; which, together with the names of | 


the feafons, are marked in this Circle. 

This Index. has a fmall grooved wheel Z fixed 
‘upon it, round which, and ‘the Plate Z, oes a cat- 
gut firing croffing between them ; and by this 


' means the Moon’s inclined Bh nes ¥_X, with its 


_ Nodes, is turned backwards, for fhewing the times 
and returns of Eclipfes, {4 310, 320. 1 
The followiag parts of this machine mufi be 


| confidered as diftiné from thofe already defcribed. 


y 


Towards the right hand, let S be the Earth 


hung on the wire e, which is fixed into the Plate 
Bs; and let O be the Moon fixed on the Axis MM, 
_ and turning round within the cap P, in which, and 
in the Plate C, the.crooked wire @ is fixed. On. 


the Axis © is ar fixed the Index K,; which goes 


‘round a Circle h2, divided into 297 equal parts, : 


which are the days of the Moon’s age: but to 


avoid confufion in the fcheme, it is only marked 


with the numeral figures 1234, for the Quarters. 


As the crank bane this Moon round the Earth 


Sin the Orbit ¢, fhe fhews all her Phafes by means 


‘of the cap P for the different days of her age, 
‘which are fhewn by the Index K; this Index 


turning juft as the Moon O does, demonftrates her 
-turning round: her Axis, a8 fhe fill keeps the fame | 


fide towards the Earth 8; ‘§ 262. 

_ At the other end of the Plate C, a Modn N goes 
Braid an Earth 2 in the Orbit p. But this Moon’s 
‘Axis-is ftuck faft in the Plate C'at S'2, fo that 
neither Moon ner Axis can turn round; and as 
this Moon goes round. her Earth, fhe ihewe hertelf 


all round A it; maith: proves, that if the Moon . 


was 
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‘publifhed in’ the year 1747. I improved it foon 
after, by adding another wheel, and called it The © 


The Cavevuaror. deferibed. 


was feen all round from the Earth ina Lunation, 
fhe could not turn round her Axis, 

N. B. Ifthere were only the two wheels D and - 
F, witha cat-gut firing over them, but not croffing _ 
between them, the Axis of the Earth U would keep — 
its Parallelifm round the Sun 7’, and fhew all the 


feafons; as ‘I fometimes make thefe Machines: 


and the Moon O would go round the Earth.S, 
fhewing her Phafes as a above as likewife would 
the Moon Nround the Karth Ras but then neither 
could the diurnal motion of the Earth U on its — 
Axis be {hewn, nor the motion of the Moon yo 
round the Earth. a 
399. in the year 17. 46 I ongeisibed a very fitiplel ‘ 
Machine, and defcribed its performance in a {mall — 
‘Treatifeupon the Phenomena ofthe Harveft-Moon,” 


i 
¥ 
ix 


a ae 


Calculator. It may be eafily made by any Gentle- | . 
man who hasa mechanical Genius. 

‘The great flat Ring fupported by twelve pillars, 4 
and on which the twelve Signs with their refpective 


‘Degrees are laid down, is the Ecliptic; mearly in- 


the center of it 1s the Sun S,fupported by the frrong 
crooked Wire J; and from the Sun proceeds a 
Wire IV, called. the Solar Ray, pointing towards thal 
center of the Earth FE, whichis furnifhed with a- 
moveable Horizon H, together with a brazen 
Meridian, and Quadrant of. Altitude. Rois a fmall- 


Ecliptic, whofe Plane coincides with that of the 


great>one, and has the like Signs and Degrees 
marked upon it; and is fapported by two Wires_ 
D and D, which are put into the Plane P P, but 
may be taken off at pleafure. As the Earth goes _ 
round the Sun, the Signs ot this {mall Citcle keep 
paraille! to themfelves, and to thofe:of the great 


Eclir: ¢. When it is taken off, and the Solar Ray 
WNW deawn fovther-outp ito as almoft to touch the 


Hori zon 


" i 
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Horizon H, or the Quadrant of ‘Altitude, the 


~ 


‘Horizon being rectified to any given Latitude, and 


the Earth turned round its Axis by hand, the point 


of the. Wire W fthews the Sun’s Declination in | 


palling over the graduated braf's Meridian, and his 
height at any given time. upon the Quadrant of 
Altitude, together with his Azimuth, or point of 
bearing upon the Horizon at that time ; ‘and like- 


wife his Amplitude, and time of rifing and fetting - 


by the Nour-Index, for any day of the year that 


the Annual-Index U points to in the Circle of. 
- Months below the Sun.- 4¢ is a Solar-Index or 
‘Pointer fupported: by the wire £, which is fixed 


into the knob K ;: the ufe of this Index is te fhew 


| the Sun’s place in the Ecliptic every day in the 


year ; for it goes over the Signs and Degrees as 


_ the Index U goes over the Months and Days; or 
gather, as.they pafs under the Index U, in moving 


the cover-plate with the Earth and its Furniture 
round the Sun ; for the Index U is fixed tight on 


the immoveable Axisin the Center of the Machine. | 


Kis a knob or handle for moving the Earth round 


- the Sun, and the Moon round the Earth. _ he 
As the Earth is carried round the Sun, its Axis 
 -conftantly keeps the fame oblique direttion, or 


parallel to itfelf, § 48, 202, fhewing thereby the. 


different lengths of days and nights at different 


times of the year, with all the various feafons. 


_ And, in one annual revolution of the Earth, the 
~ Moon M goes 12% times round it from Change to. 
Change, having an ocecafional provifion for thew- 
ing her different Phafes. The lower end of the 


-_ Moon’s Axis bears by a fmall friction-wheel upon 


the inclined Plane 7 which caufes the Moon to 

rife above and fink below the Ecliptic 2 in every 
 Lunation ; croffing it in her Nodes, which fhift 
backwards throughall the Signs and Degrees of 


the faid Ecliptic, by the retrograde Motion of the 


"inclined. Plane 7 in 18 years.and 225 days. On 
this Plane the Degrees and Parts of the Moon's 


North 


415 


416 


, 
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Nortl’and South Latitude are laid down from both 
the Nodes, one of which, viz. the Defcending 
Node, appears at 0, by D N above B; the other 
Node being hid from Sight on this Plane by the 


plate PP; and from both Nodes, at’ proper 


diftances, as in the ‘other Orrery, the limits of 
Eclipfes are marked, and all the folar and Junar 
Eclipfes are fhewn in the fame manner, for any 
given year within the limits of 6000, either before 


or after the Chriftian Ara. On the piate that 


covers the wheel-work, under the Sun S, and round 


- the knob K, are Aftronomical Tables, by which | 


the Machine may be reétified to the beginning of 


any given year within thefe limits, in three or four 
‘minutes of ‘time; and when once fet right, may 
be turned backwards-for 300 years paft, or forwards 
for as many to come, without requirmg any new - 
‘rectification. “There is a method for its adding up © 


the 29th of February every fourth year, and allow- — 


ing only 28 days to that month for every other 


three; but all this being performed by a particular 
manner of cutting the teeth of the Wheels, and 
dividing the Menth-Circle, too long and intricate 


‘to be defcribed here, I fhall only thew. how thefe 
“Motions may be performed near enough for com-_ 
‘mon ufe, by wheels with grooves and cat-gut firings 
“round them; only here I muft put the Operator in 


mind, that the’grooves are to be made fharp -(not 


round) bottomed, to keep the ftrings from flipping. _ 


The Moon’s' Axis moves up and down in the 


‘focket N; fixed into the bar O (which carries her 
~ yound the Earth) as fhe rifes above’or finks below 


the Ecliptic ; and immediately: below the inclined, 


Plane 7’ isa flat circular plate (between Y and. 7’) - 
~ on which the different Excentricities of the Moon’s . 


Orbit are’ laid down; and likewife her mean Ano- 


maly and elliptic Equation, by: which» her true 


‘Place may be very neatly found at any time. » Be- 


low this Apogee-plate, which fhews the Anomaly, — 


° &e. is a Circle ¥ divided into 29% equal parts, 


which 
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which are the days of the Moon’s age: and the 
_ forked end A of the Index 4 B (Fig. II.) may be 
_ put into the apogee-part of this plate; there being 
_ juft fuch another Index to put into the inclined 
Plane T’at the Afcending Node: and then the 
curved points B of thefe Indexes thew the dire@ 
Motion of the Apogee, and retrograde Motion of 
_ the Nodes through the Ecliptic R, with their 
‘Places in it at any given time. As the Moon M 
goes round the Earth £, the thews her Place every 
_ day in the Ecliptic 2, and the lower end of her 
Axis fhews her Latitude and Diftance from her 
- Node on the inclined Plane T, alfo her Diftance 
from her Apogee and Perigee, together with her 
_ mean Anomaly, the then Eccentricity of her Orbit, 
and her Elliptic Equation, all on the A posee-plates 


_and the Day of her Age in the Circle Y of 2950 


_ equal parts ; for every day of the year pointed out 
by the Annual Index U in the Circle of Months. 
Having rectified the Machine by the Tables for 


the beginning of any year, move.the Earth and © | 


Moon forwards by the knob K, until the Annual 
Index comes to any. given day of the month, then 

ftop, and not only all the above Phenomena may. 
_ be thewn for that day, but alfo, by turning the 
Earth round its Axis, the Declination, Azimuth, 
Amplitude, Altitude of the Moon at any hour, 
and the Times of her rifing and fetting, are fhewn 
_by the Horizon, Quadrant of Altitude, and Honr- 
Index. And in moving the Earth round the Sun, the 
days of all the New and Full Moons and Eclipfes 
im any given yearare fhewn. The Phenomena 
_of the Harvett-Moon, and thofe of the Tides, by 
fuch a cap as that in Plate IX. Fig.’ro. put upon 
the Earth and Moon, together with the folution 


of many problems not here related, are made | 


 confpicuous. - ‘y | 
- The eafieft, though not the beft way, that I can 


infiruét any mechanical perfon to make the wheel-_ 
perdi a MG wee 4 eth WOT: 


4l7 


‘PLATE 
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work of {uch a Machine, is as follows : which ts the 
way that I made it, before I thought of numbers 
exact enough to make it worth the trouble, of 
cutting teeth in the wheels, ferry bath 

Fig. 3d of Plate VILE. is a fection of this Ma- 
chine; in which 4 BCD is a frame of weod held 
together by four pillars at the corners; two of 
which appear at 4 Cand BD. In the lower Plate 
CD of this frame are three fmall friction-wheels, 
at equal diftances from each other; two of them 
appearing at e ande. As the frame is moved round, 
thefe wheels run apon the fixed bottom Plate EE, 
which fupports the whole work. Cake 

In the center of this laft mentioned Plate is fixed 
the upright Axis Gi‘ I’f, and on the fame Axis 1s 
fixed the Wheel H? H H; in which are four Grooves, 


I, Xk, L, of different diameters. In thefe Grooves 


aré cat-gut firings going alfo round the feparate 
Wheels M,N, O,.and P. 
The Wheel J is fixed on a fold Spindle or Axis, 


the lower pivot of which turns at # in the under — 


Plate of the moveable frame 4 BCD ; and onthe 
upper end of this Axis is fixed the Plate o o (which 
is PP, under the Earth, in Fig. 1.), and to this — 
Plate is fixed, at an angle of 234 Degrees inclin- 
ation, the Dial-plate below the Earth 7’; on the 
Axis of which, the Index g is turned round by the. 
Earth. This Axis, together with the Wheel J/, 
and Plate oo, keep their Parallelifm.in going round: 
the Sun & Drege re = 
On-the Axis of the Wheel J/ is a moveable © 
focket, on which the fimall Wheel NV is fixed, and — 


- en the upper end of this focket is put on tight (but. 


fo as it may be oceafionally turned by hand) the — 
bar Z Z (viz. the bar O-in Fig. 1.) which carries. 
the Moon m round the Earth 7) by the focket 2, - 
fixed into the bar.. As the Moon goes round the 
Earth, her Axis rifes and falls in the focket » ; be- — 
caufe, on the lower end of her Axis, which is turned — 
inward, there is a {mall fri€ion-wheel s running 
‘ | on 


~ 
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on the inclined Plane X (which is. Tin Fig. r.) and 
fo caufes the Moon alternately to rife above and ~ 
_ fink below the little Ecliptic VV (R in Fig. 1.) in 
every Lunation. 
On the focket or hollow Axis of the Wheel N, 
_ there is another focket, on which the Wheel O is 
- fixed; and the Moon’s inclined Plane X is put 
_ tightly on the upper end of this focket, not on a- 
_ fquare, but on around, that it may be occafionally 
fet by hand without wrenching the Wheel or Axle.. 
, Laftly, on the hollow Axis of thé Wheel O is 
another focket, on which is fixed the Wheel P, and 
on the upper end of this focket is put on tightly .— 
_ the Apogee-plate Y (‘hat immediately below T in 
Fig. 1.). Ail thefe Axles turn in the upper Plate 
of the moveable frame at 2; which Plate is 
covered with the thin Plate cc (ferewed to it), 
-whereon are the fore-mentioned Tables. and 
Month-Cirele in Fig. 1° | 
The middle part of the thick fixed Wheel HHH 
4s much broader than the reft of it, and comes out 
between the Wheels Mand O almoft to the Wheel 
N. .Yo adjutt the diameters of the Grooves of this — 
_ fixed Wheel to the Grooves of the feparate Wheels > 
M,N, O,‘ and P, fo as they may perform their 
motions in the proper times, the following method 
mult be obferved, | ) | 
The Groove of the Wheel J, which keeps the 
Parallelifm of the Earth’s Axis, muft be precifely 
of the fame Diameter as the lower Groove J of the 
fixed Wheel 1H /7; but, when this Graoveis fo 
well adjufted as to fhew, that in ever fo many 
annual revolutions of the Earth, its Axis keeps‘its* 
Parallelifm, as may be obferved by the folar Ray 
_ WV (Fig. 1.) always coming precifely to the fame 
- Degree of the {mall Ecliptic 2 at the end of every 
annual revolution, when the Index M points to the 
like Degree in the great Ecliptic.; then, with the 
edge of a thin File, give the Groove of the Wheel 
M a {mall rub all round, and, by that-means lef 
Pa, ya Be aia fening 


fening the Diameter of the Groove perhaps about — 


- which turns the inclined Plane _X with the Moon’s | 
‘Nodes backwards, muft be to the Diameter of the 


_ overall the Signs and Degrees of the fmall Eclip- — 


the Earth) and.512 days over. Sot is tow 
’  N.B. The firing which goes round the Grooves — 
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the 2oth part of a hair’s breadth, it will caufe the 
Earth to fhew the precefiion of the Equinoxes ; 
which, in many annual revolutions, will begin to — 
be fenfible, as the Earth’s Axis deviates flowly from _ 
its Parallelifm, § 246, towards the antecedent figns _ 
of the Ecliptic. 

The Diameter of the Groove of the Wheel N, 
which carries the Moon round the Earth, mutt be - | 
to the Diameter of the Groove X, as a Ltnation is 
to a year, that is, as 294 to 365%... 1 


The Diameter of the Groove of the Wheel O, 


Groove k, as 20-to0 18222. And,. o| 

Laftly, the Diameter of the Groove of the Wheel 
P,which carries the Moon’s Apogee forwards, muft 
be to the Diameter of the Groove L, as 70 to62, 
- But after all this nice adjuftment of the Grooves — 
to the proportional times of their refpective Wheels 
turning round, and which feems to promife very 
well in Theory, there will ftill be found a necef- — 
fity of a farther adjuftment by hand ; becaufe pro-_ 
per allowance muft be made for the Diameters of 
the cat-gut ftrings: and the Grooves muft be fo. | 
adjufted by hand, as, that in the time the Earth is’ 


moved once round the Sun, the Moon mutt per- 


> form 12 fynedical revolutions round the Earth, and 


be almoft 11 days old in her 13th revolution. The _ 
inclined Plane with its Nodes mut go once round 

backwards through all the Signs and Degrees ofthe . 
fmall Ecliptic in 1$ annual revolutions of the Earth, 
and 225 days over. And the Apogee-plate muft~ 
go once round forwards, fo as its Index may go: 


tic in eight years (or fo many annual revolutions of: | 


X and N for the Moon’s Motion muft crofs. be- 
tween thefe wheels; but all the reft of the firings” 
h. 16 | go 
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oe . 
H : : 4 E 
: go in their refpeétive Grooves, 7M/,O, and LP> 
; without crofiing, | 

i 


_ 400. The Cometarium. This curious Ma- Liacopenaa 
_ chine fhews the Motion of a Comet, or excentric 

Body moving round the Sun, defcribing equal areas. . 

in equal times, § 152, and may be fo contrived as 

_ to thew fach a Motion for any Degree of Excen- 
tricity. It was invented by the late Dr. Desa- 

| GULIERS, Ons . 

_ The dark elliptical Groove round the letters PUATE 
| abcdefehikimis the Orbit of the Comet F: this ,.,!%: 
| 

| 


- Comet is carried:round in the Groove, according * 
to the order of letters by the Wire W fixed in the 
Sun 5) and flides on the Wire as it approaches 
hearer to or recedes farther from the Sun, being 
_heareft of all in the Perihelion a, and farthef in 


ae 
. 
i 


the Aphelion g.. The areas a Sb, bS'c, cS, &c, 
| or contents of thefe feveral Triangles, are all equal: 
and in every turn of the Winch N the Comet F is 
_€arried over one of thefe areas: con fequently in as 
much tim as it moves from f to g, or from gto h, 
it moves from.m to aor from a to 6; and fo of 
the reft, being quickeft of all at a, and floweft at g. 
Thus the Comet’s velocity in its Orbit continually 
_decreafes from the Perihelion a to the Aphelion gs 
and increafes in the fame proportion from g toa: 
_ The elliptical Orbit is divided into 12 equal Parts 
oF Signs, with their refpeétive Degrees, and fo is 
the Circle nopgrstn, which reprefents a great: 
Circle in the Heavens, and to which the Comet’s 
‘Motion is referred by a fmall knob on the point of 
the Wire IV, While the Comet moves from Sf tog 
in its Orbit, it appears to move only about five | 
degrees in thisCircle, as is fhewn by the {mall knob 
Ou the end of the Wire I”; but in the like time, 
as the Comet moves from m to a, or from a to 3, 
‘it appears to defcrile the large fpace tx or no in 
the Heavens, either of which {paces contains 120 
‘Degrees, or four Signs. ‘Where the Excentricity 
Be) EE 2 ah of 
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of its Orbit greater, the greater ftill would be the. 


difference of its motion, and vice ver/d.. 


ABCDEFGHIKLMA is a circular Orbit for — 


{hewing the equal Motion of a Body round the 9 
Sun 5S, defcribing equal Areas ASB, BSC, &e. in 


equal times with thofe of the Body Vin its elliptical — 
Orbit above mentioned ; but with this difference, 


that the circular motion defcribes the equal Arcs 


AB,BC, &c. in thefame equal times that the ellip- a 


tical Motion defcribes the unequal Ares ad, be, &c. 


Now, fuppofe the two Bodies Y and 1 to ftart — 
from the Points a and 4 at the fame moment. of : 


time, and each having gone round its refpective © 


Orbit, to arrive at thefe Points again at the fame 


“inftant, the Body Y will be forwarder in its Orbit : 


than the Body 1 all the way from a to g, and from ~ 
Ato G; but 1 will be forwarder than Y through © 
all the other half of the Orbit ; and the difference © 
is equal to the Equation of the Body Y in its Or- } 


then the Equation vanifhes. This fhews why the 


‘pit. At the. points a, 4, and g, G, that is in the © 
- Perihelion and Aphelion, they will be equal; and — 


; 
, 
5 
: 
' 


Equation of a body moving in an elliptie Orbit, is 
added to the mean or fuppofed circular Motion — 


from the Perihelion to the Aphelion and fub-— 
traGted from. the Aphelion to the Perihelion, in~ 


- Bodies moving round the Sun, or from the Peri-— 


PLATE 
IV. 
Fig. V. 


Wheel E is fixed on the fame Axis with the Plate 


gee to the Apogee, and from the Apogee to the | 
Perigee in the Moon’s Motion round the Earth, 
according to the Precepts in the 353d Article; 
only we are to confider, that’ when Motion 1s- 
turned into Time, it reverfes «the titles in the 
Table of The Moon’s elliptic Equation. | 


This Motion is performed.in the following man- 
ner by the Machine. ABC is a wooden bar (in- 
the box containing the wheel-work), above which 


are the Wheels D and E; and below it the elliptic 


Plates FF and.GG; each Plate being fixed on an 
Axis in one of its Focufes, at E and K: and the 
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IF. Thefe Plates have Grooves round their edges 
precifely of equal diameters to one another, and in 
thefe Grooves is the cat-gut firing gg9,¢¢, crofling - 
betiveen the Plates at h. On /Z (the Axis of the 
handle or winch N in Fig. 4th) is'an endlefs fcrew 
in Fig. 5, working in the wheels D and £, whofe 
numbers of teeth béing equal, and fhould be equal 
to the number of lines aS, DS, ¢S, &c. in Fig. 4; 
they turn round their Axes in equal times to one 
another, and to the Motion of the elliptic Plates. 
For the Wheels D and F having equal numbers 
of teeth, the Plate FF being fixed on the fame 
Axis with the Wheel E, and the Plate FF turning 
the equally big Plate GG by a cat-gut ftring round 
them both, they muft all go round their Axes in 
as many turns of the handle N as either of the 
Wheels has teeth. ° wih ip 
It is eafy to fee, that the end h of the elliptical 
Plate FF being farther from its Axis E than the 
oppofite end z is, muft defcribe a Circle fo much 
the larger in proportion; and muft therefore move 
through fo much more fpace in the fame time; and 
for that reafon the end h moves fo much fafter than 
the end 7, althougl it goes no fooner round the: 
Center E. But then, the quick-moving end fh of 
the Plate FF leads about the fhort end 4K of the 
_Piate GG with the fame velocity; and the flow 
moving end 7 of the Plate /F' coming halfround, _, 
as to B, muft then lead the long end & of the Plate 
GG as flowly about: So that the elliptical Plate 
FF and its Axis.E move uniformly and equally 
quick in every part of its revolution; but, the 
elliptical Plate GG, together with its Axis K, muft. 
move very unequally in different parts of its revo- 
lution; the difference being always inverfely as the 
diftance of any points of the Circumference of GG 
frem its Axis at K: or in other words, to in- 
_ ftance in two points, if the diftance K‘, be four, 
_five, or fix times as great as the diftance Kh, the 
- Point £ will move in that pofition four, five, or fix 
| EE 4 times 


- 


424 The improved CevestiaL GuoBE deferibed. 


times as faft as the point 4 does:. when the Plate 
GG has gone half round: and fo on for any other 
Excentricity or Difference of the Diftances Kkand 
Kh. The tooth 7 on the Plate FF falls in between 
the two teeth at k on the PlateGG, by which 
means the revolution of the latter is fo adjufied to 
that of the former, that they ¢ can never vary from 
one another, 

On the top of the Axis of the equally-moving 
Wheel D, in Fig. 5th, is the Sun S' in Fig. 4th; 
which on by the Wire Z fixed to it, carries the 
Ball 1 round the Circle 4 BC D, &c. with an equa- 
ble motion ‘according to the ater of the letters ; 
end on the top of the Axis K of the. unequally- 
moving Ellipfis GG, in Fig. 5th; is the Sun Sin 
‘Fig. 4th. carrying the ‘Ball ¥ unequally round in | 
the elliptical Groove abcd, &c. | N. B.. This 
elliptical Groove muft be precifely eqnal and fimi- 
Jar to the verge of the Plate GG, which is alfo equal 
to that of FF, 

In this manner, Machines may be ote to thew 
the true motion of the Moon about the Earth, or 
of any Planet about the Sun; by making the ellip- 
tical Plates of the fame eccentricities, in propor - 
tion to the Radius, as the Orbits of the Planets are . 
whofe Motions they -reprefent ; and fo, their dif- 
ferent Equations, in different parts of their Orbits, 
may be made plain to the fight: and clearerideas 
of thefe Motions and Equations will be acquired in ° 
halfan hour, than could be gained from reading 
half a day about them, © 


The im 4o1. The Improvep CrerestiaL Grose. On 
proved Cr- the north Pole of the Axis, above the Hour-Circle, 

‘ iene * 3s fixed an Arch MK JZ of 233 Degrees; and at 
the end f#7.is. fixed an upright pin HG, which 
ftands.diretily over the North pole of the Ecliptic, 

pr are ae perpendicular to-that part of the furface of the 
ur Globe. On this pin are two moveable Collets, at 

, Fig Me Disaad H, to wage are fixed. the quadrantal Wires — 

~ Nand. 
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Nand O, having two little Balls on their ends for the 
Sun.and Moon, as in the Figure: The Collet D is 
fixed to the circular Plate I’, on which the 29 days 
of the Moon’s age are engraven, beginning juft 
under the Sun’s Wire N; and as this wire is moved 
round the Globe, the Plate F turns round with it. 
Thefe wires are eafily turned, if the ferew G be 
flackened ; and when they are fet to their proper 


places, the {crew ferves to fix them there; fo that 


42§ 


when the Globe is turned, the Wires with the Sun | 


and Moon may go round with it; and thele twe 
little Balls rife and fet at the fame times, and.on 
the fame points of the Horizon, for the day to 
which they are rectified, as the Sun and Moon do 
in the Heavens. ‘gree His 
Becaufe the Moon keeps not her ¢ourfe in the 
Ecliptic (as the Sun appears to do) but has a De- 


clination of 5+ degrees, on each fide, from it in 


every Lunation, § 317, her Ball may be fcrewed 


as many degrees to either fide of the Ecliptic as - 


her Latitude, or Declination from the Ecliptic, 
amounts fo, at any given time; and for this pur- 
pofe § is afmall piece of pafteboard, of which the 
curved edge at Sis to be fet upon the Globe, at 
right Angles to the Ecliptic, and the dark line over 


Sto ftand upright upon it. From this line, on 


the convex edgé, are drawn the 51 Degrees of the 
‘Moon’s Latitude on- both fides of the Ecliptic; 
and when this piece is fet. upright on the Globe, 
its graduated edge reaches to the Moon o1 the 
— Wire O, by which Means the is eafily adjuited to 
_ her Latitude found by an Ephemeris. : 

The Horizon is fupported by two femicircular 
Arches, becaufe pillars would ftop the progrefs of 
the Balls, when they ga below the Horizon in an 
oblique fphere. 


To rectify this Globe. Elevate the Pole to the roreaify it. 


- Latitude of the Place; then bring the Sui’s place 
in the Ecliptic for the given day to the brats 

Meridian, and fet the Hour-Index to XII at nook 
, 7 | that 


. 
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that is, to the upper XII on the Hour-Circle, | 

‘keeping the Globe in that fituation; flacken the — 

fcrew G, and fet the Sun directly over his place on 
the Meridian; which being done, fet the Moon’s 

Wire under the number that exprefles het age for 
that day on the Plate F, and’ the will then “fand 
over her place in: the Kelipti c, and fhew what Con- 

‘ftellation fhe 1s in. Laftly, faften the {crew G 
and laying the curved edge of the Pafteboard S'over - 
the Ecliptic, below the Moon, adjuft the Moon to 
her latitude over the eraduated edge of the patte-. 
beard; and the Globe will bo reétified. 

_ ‘Ets ufe. Having thus reétified the Globe, turn it round 
‘and white rve on what points of the Hcrizon the 
Sun and Moon Balls rife and fet, for thefe agree 
with the points of the Compafs on which the Sun 
and Moon rife and fet in the Heavens on the given 
day: and the Hour-Index fhews the times of their 
rifing and fetting; and likewife the time of the 
Moon’s pafling over the Meridian. . 

This imple Apparatus fhews all the varieties 
that can happen in the rifing and fetting of the 
Sen and Moon; and: makes. the forementioned 
Phenomena of the Harveft Moon (Chap. xvi.) 

‘plain to-the eye. It is alfo very ufeful in reading 
Leétures on the Globes, becaufe a large company 
can fee thisSun and Moon go round, hifing above 
and fetting below the Herizon‘at different times, 
according to the feafons of the year; and making 
their appulfes: to different fixed Stars. - But in the 
ufual way, where there is only the places of the. 
Sun and Moon in the Ecliptic to. keep the eye 
upon, they are eafily loft fight of, unlefs they be 
covered with patches. 


*ThePcra- 402. The Pranetary Grose. © In this Ma- — 
Giese chine, J'is a terreftrial Globe fixed on ‘its Axis 
7 ee ftanding upright on the Pedeftal CDE, on which 
8 *" is an Hour-Circle, having its Index fixed on the 
| Axis, which turns fomewhattightly in the Pedefial, 
; fo 
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fo that the Globe may not be liable to thake; to 
prevent: which, the Pedettal is about tivo Inches 
thick, and the Axis goes quite through it, bearing 


‘on a fhoulder. The Globe is hung in a graduated 


brazen Meridian much in the ufual way; and the 
thin Plate N, NE, E, is a moveable ‘Horizon, 
graduated round the outer edge, for fhewing the 
Bearings and Amplitudes of the Sun, Moon, and 
Planets. The brazen Meridian is grooved round 


the outer edge: and in this Groove is a flender - 


femi-circle of brafs, the ends of which are fixed to 
the Horizon in its North and fouth Points: this 
femi-circle flides in the Groove as the Horizon is 
moved in rectifying it for different Latitudes, ‘To 
the middle of the femi-circle is fixed a Pin, which 


always keeps in the Zenith of the Horizon, and on 


this Pin, the Quadrant of Altitude g turns; the 
lower end of which, in all pofitions, touches the 
Horizon as it is moved round the fame. This 
Quadrant is divided into go Degrees from the 
Horizon to the Zenithal Pin on which it is turned, 
at.go. The great flat Circle or Plate 4 B is the 
Ecliptic, on the outer edge of which the Signs and 


Degrees are laid down; and every fifth Degree is 


drawn through the reft of the furface of this Plate 
towards its Center. On this Plate are feven 
Grooves, to which feven little’Balls are adjufted by 


‘fliding Wires, fo that they are eafily moved in the 


Grooves without danger of ftarting out of them. 
The Ball next the terreftrial Globe is the Moon, 
the next without it is Mercury, the next Venus, 


the next the Sun, then Mars, then Jupiter, and 


lafily Saturn; and in order to know them, they are 
feparately ftampt with the following Characiers ; 
@ $.%5O0,8,U,k- This Plate or Ecliptic is 
fupported by four ftrong Wires, having their lower 
ends fixed into the Pedeftal, at C, D; and E, the 
fourth, being hid by the Globe. The Ecliptic is 
inclined 233 Degrees to the Pedeftal, and is a 

, . fore 
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ihewn by the Index on the Hour-Circle. 


ry he PLANETARY GLoBE defcribed: 


fore properly inclined to the Axis of the Globe | 
which ftands upright on the Pedeftal. a 

Lo rectify this Machine. Set the Sun and all 
the planetary Balls to the geocentric places in the 
Ecliptic for any given time, by. an Ephemeris; 
then fet the North Point of the Horizon to the 


. Latitude of your place on the brazen Meridian, 


and the Quadrant of Altitude to the South Point 
of the Horizon; which done, turn the Globe with .- 
its furniture till the Quadrant of Altitude comes 


right againft the Sun, viz. to his place in the 


KEcliptic; and keeping it there, fet the Hour-Index 
to the XII next the letter C; and the Machine will 
be rectified, not only for the following Problems, 
but for feveral others, which the Artift may eafily 
find out. ! | 


PROBLEM I. 


To find the Amplitudes, Meridian Altitudes, and 
times of rifing,; culminating, and fetting, of the- 
Sun, Moon, and Planets. 3 Nii 


Yurn the Globe round eaftward, er according 
to the order of the Signs; and when the eaftern 
edge of the Horizon comes right againft the Sun, 
Moon, or any Planet, the Hour-Index will thew 
the time of its rifing; and the inner edge of the _ 
Kcliptic will cut its rifing Amplitude in the Horizon, 
Turn on, and when the Quadrantof Altitude comes 
right againfi the Sun, Moon, or any Planet, the 
Ecliptic will cut their. Meridian Altitudes on. the 
Quadrant and the Hour-Index will thew the times 
of their coming to the Meridian. Continue turning, 
and when the weftern edge of the Horizon comes 
right againit the Sun, Moon, or any Planet, their 
letting Amplitades will be cut on the Horizon by 
the Eeliptic ; and the times of their fetting will be 


PRQs 
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PROBLEM Ir. 


To find the Altitude and Azimuth of the Sun, Moon, 
and Planets, at any time of their being above the 
Horizon. 


Turn the Globe till the Index comes to the given 
time in the Hour-Circle; then keep the Globe 
fteady, and moving the Quadrant of Altitude to 

each Planet ref{pectively, the edge of the Ecliptic 
will cut the Planet’s mean Altitude on the 
Quadrant, and the Quadrant will cut the Planet’s 
Azimuth, or Point. of bearing on the Horizon. 


PROBLEM Il. 


The Suns Altitude being given al an y time either 
before or after Noon, “to fnd the hour of the Day, ” 
and the Variation of the i toed In any known 
Latitude. 


With one hand hold the edge of the Buadedns 
right againft-the Sun; and with the other hand, 
turn the Globe weltward, if it be in the forenoo 
or eafiward if it be in the afternoon, until 
~~ Sun’s place at the inner edge of the Ecliptic cuts 
the Quadrant in the Sun’s obferved Altitude, and 
then the Hour-Index will point out the time of the 
day, and the Quadrant: will cut the true Azimuth, 
er bearing ofthe Sun for that time: the difference 
between which, and the bearing fhewn by the — 
_ Azimuth Compals, is tie variation of the Compas 
in that place of the Earth. | 
403. The Trayectortum Lunare. This Ma- The Teic 
chine is for delineating the Paths of the Earth tie ou 
Moon, thewiug what fort of Curves they make in Lesast. 
the ethereal regions: and was juit mentioned in’ 
the 266th Article. Sis the Sun,and F the Earth, ie 
’ whofe centers are 81 Inches diftant from each Fig. Vi 
~ other; every Inch anfw ering to a Millon of ee 


§ 47. 


Its Ufe. 


The Tra JECTORIUM LuNARE deferibed. 


§ 47. Af is the Moon, whofe Center is +e parts 


of an Inch from the Earth’s in this. Machine, this 
being in juft proportion to the Moon’s diftance 


from the Earth, §52.: dd is a Bar of Wood, to 


be moved by hand-yound the Axis g, which. is 
fixed in the Wheel F. . The Circumference of this 
Wheel is ‘o the Circumference of the {mall Wheel 
£ (below the other end of the Bar) as 365% days 
is to 2943 Or as.ayerr is to a Lunation. The 
Wheels are grooved round their edges, and inthe 
Grooves is the cat-gut firing G G cr offing between 
the Wheels at X. On the Axis of the Wheel L 
is the Index F'; in which is fixed the Moon’s Axis 
M for ¢arrying her round the Earth FE (fixed on 
the Axis of the Wheel Z) in the time that the In- 


_ dex goes round a Circle of 29% equal parts, which 
are the Days of the Moon’s age. The Wheel Y 


has the Months and Days of the Year all round its 
Limb ; and ip the Bar 4 4 is fixed the Index J, 
which points out the Days of the Months anfwer- 
ing to the Days of the Moon’s age fhewn by the 
Index F, in the Circie of 2 agi e equal parts, at the 
other end of the Bar. On the Axis of the Wheel 
Lis put the piece D> below the Cock C, in which. - 
this Axis turns round; and in D are put the Pen- 
Se and m, directly under the Earth E and Moon 
M ; fo that mis carried round e, as AZ isround £. 

Lay theMachine on an een Floor: preffing gently 


‘on the Wheel F, to caufe its fpiked feet (of which 


two appear at P and P, the third being fuppofed 
to be hid from fight by the W heel) to enter alittle 
into the Floor to fecure the wheel from turning. 
Then lay a paper about four feet long under the 


- Pencils e and ™, crofs-wife to the Bar: ited done | 


move the Bar flow! y round the Axis g of the Wheel 
FY’; and, asthe Earth £ goes round ‘the Sun S, the 
Moen M will go round the Earth with a duly 

proportioned velocity ; and the friétion Wheel WV 
running on the Floor, will keep the Bar from 
bearing too heavily on the Pencils eand m, which 
will delineate the paths of the Earth and Moon, as: 


The Vroe-Drat defcribed, 1 Ae 


Yn Fig. 2d already defcribed at large, § 266, 267. 
As the Index F points out the Days of the Months, . 
the Index -J* thews the Moon's age on thefe Days 
in the Circle of 294 equak-parts. And as this lati. 
Index points to the different days in its Circle, 
the Like numeral Figures may be jet to thofe parts 
of the curves of the Earth’s path and Moon's, 
where the Pencils e and m are at thofe times re- 
fpectively, to fhew the Places ‘of the Earth and 
Moon. Ifthe Pencil e be puthed a very little off, 
as if from the Pencil a, to about ge part.of their. 
diftance, and the Pencil m pufhed as much towards 
eto bring them to the fame diftance again, though 
not to the fame points of {pace ; then as im gOS 
round e, ¢ will go as it were round the Center of 
Gravity between the Earth eand Moon m, § 298 : 
but this motion will not fenfibly alter the co ae 
_ of the Earth’s Path.or the Moon's. 

Ifa Pin, as p, be put through the Pencil m, with 
its head towards that of the Pin g in the Pencil &; 
. the head of the former will always keep to the head 
of the latter as 7 gees round e, and fhews that the 
fame fide of the Moon is continually turned to the 
_ Earth.- But the Pin p, which may be confidered as 
an equatoreal Diameter of the Moon will turn quite 
round the point m, making all poflible Angles with 
the Line of its Prostefs, or Line of ee Moon’s 
- Path. This is an ocular proof of the Moon’s 4 
_ turning round her Axis. ) 
404. The Tipe-Drat. The Bee par ts 6f, ci 
_ this Machine.cenfift of, 1. An eight-fided Box, on Dix’ 
the top of which at the corners is ‘thewn the Phafes Pee 
of the Moon at the Octants, Quarters, and Full. Fis. V4. 
Within thefe is a Circle of 29% equal-parts, which 
are the days of the Moon’s age accounted from the 
Sun at New Moon, round to the Sin again. Within 
this Circle is one of 24 hours divided into their rei 
 {pettive Halves.and Quarters, -2. A moving el- 
" liptieal Plate, painted blue, to reprefent the rifing : 
of the. Tides: under and’ oppofite to the Moon ; | 
and has the words, High Water, Tide falling, Lote 
Water, 


4 ; % 


_ dts ufe., 


AN ee Tivz-Diat deferibed, 
Water, Tide rifng, marked upon it. To one end 


of this Plate is fixed the Moon M by the Wire I, 
and goes along with it. 3. Above this elliptical 


Plate is a round one, with the points of the Com- 


pafs upon it, and alfothe names of above 200 places 
in the large Machine (but only 32 in the Figure, 
to avoid confufion) fet over thofe Points on which 
the Moon bears when fhe raifes the Tides to the 
greateft heights at. thefe Places twice in every lunar 
day: and to the North and South Points of this 
Plate are fixed two indexes, J and K, which thew 


the times of High Water, in the Hour-Circle, at all 


thefe places.. 4. Below the elliptical Plate are four 


{mall Plates, two of which projeét out from below 


its end at New and Full Moon; and fo, by length- 
ening the Ellipfe, fhew the Spring ‘Tides, which 


are.then raifed to the greateft heights by the united 
attractions of the Sun and Moon, § 302. The 


other two of thefe fmall Plates appear at low water 
when the Moon is m her Quadratures, or at the 


fides of the elliptical Plate to fhew the Neap- Tides; 


the Sun and Moon then acting crofs-wife to each 
other. Whensany two of thefe imall Plates appear, 


the other two are hid; and when the Moon is in 


her Ociants, they all difappear, there being neither 
Spring nor Neap Tides at thofe times. Within 
the Box are a few Wheels for performing thefe- 


-Motions by the Handle or Winch ZZ. 


Turn the Handle until the Moon J comes to 
any given dayof her age in the Circle of 29% equal 
parts, and the Moon’s Wire 7, will cut the time 
of her coming to the Meridian on that day, in the 
Hour-Circle ; the XIT under the Sun being Mid- 
day, and the oppofite XII Midnight ; then looking 


for the name of any given place on the round Plate 


(which makes 293 rotations while the Moon M 


-makes only one revolution from the Sun to the 


Sun again) turn the Handle till that place comes 
to the word High Waiter under the Moon, and the 
Tndex which falls among the Forenoon Hours will 
thew the time of High Water at that place.in the 

; ; . , Forenoor 
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_¥Forenoon of the given day: then turn the Plate 
half-round, tillthe fame place comes to the oppofite 
High Water Mark, and the Index will fhew the. 
time of High Water in the Afternoon at that 
piace. And thus, as all the different places come 
fucceflively under and oppofite to the Moon, the 
Indexes fhew the times of High Water at them in ; 
both parts of the day: and when the fame places _ 
come to the Low Water Marks, the Indexes fhew 

‘the times of Low Water, For about three days 

before and after the times of New and Full Moon, 

the two fmall Plates come out alittle way from 
below the High Water Marks on the elliptical 
Plate, to thew that the Tides rife ftill higher about 
thefe times: and about the Quarters, the other two 

Plates come out a little from under the Low 

“Water Marks towards the Sun avd on the oppofite 
fide, fhewing that the Tides of Flood rife not then. 
fo high, nor do the ‘Tides of ebb fall fo low, as at 
other times. } 

-. By pulling the Handle a little way outwards, it 
is difengaged fyom the Wheel-work, and then the | 
upper Plate may be turned round quickly by hand, 

- fo'as the Moon may be brought to any given day 
‘of her age in about a Quarter of a minute: and by 
puthing in the Handle, it takes hold of the Wheel- 
work again. 

On AB, the-Axis of the Handle H, is an endlefs The infise 
Screw C, which turns the Wheel FED of 24 teeth oe 

- round in 24 revolutions of the Handle: this Wheel PLATE 
turns another O NG, of 48 teeth, and on its Axis me cFitt. 
is the pinion PQ of four leaves, which turns the 
Wheel L K J of 59 teeth round in 293 turnings or 
rotations. of the Wheel FED, or in 708 revolutions 
of the Handle, which is the number of Hours in 
a fynodical revolution of the Moon. ‘The round 
Plate with the names of Places upon it is fixed on 

_ the Axis of the wheel FE D; and the Elliptical 
or Tide-Plate with the Moon fixed to it is upon 

7 the Axis of the Wheel L KJ; confequently, the 
former makes 29} revolutions in the time that the . 


Pay F latter 
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“latter makes one. © The’ whole Wheelu# ED, 


 difappear, being hid by the great one. 


The E- 
@LIpPsA- 
PEON. 
PL XII, 


with the endlefs Screw C, and dotted part of the’ 


Axis of the Handle 4 B, together with the dotted — 


part of the Wheel O NG, lic hid below the large’ : 


Wheel L K J. | 


Fig. [Xth reprefents the under fide of the Ellip- ; 


tical or Tide-Plate a Oc d, with the four fmall Plates 


ABCD, EFGH, IKLM, NOP2; upon it: each 


of which has two flits, as 77, S'S, RR, UU, fliding 
on two Pins, as 77, fixed in the Elliptical Plate. 
In the four fmall Plates are fixed four Pins, at 


“W, X, ¥; and Z ; all of which work in an Elliptic , 


Groove 0000 on the cover of the Box below the — 
Elliptical Plate; the longeft Axis of this Groove — 
being in a right line with the Sun and Full Moon. — 


Confequeitly, when the Moon is in Conjunction » 


i. 


ér Oppofition, the Pins Wand X thruft out the 1 


Plates ABCD and JKLM a little beyond the 


D- 
= 


ends of the Elliptical Plate at d'and 6, to fande; — 


while the Pins Vand Z draw in the Plates EFGA 
and NOP quite under the Elliptic Plate to g and — 
jh. But; when the Moon comes to: her ‘firft or 
third Quarter, the Elliptic Plate liesacrofs thefixed 
Elliptic Groove in which the Pins work; and 


‘ therefore the end Plates 4BCD and JKLM are 


drawn in below the great Plate, and the other twa 
Plates EFGH and NOP® are thruft out beyond © 


‘jt to @ and c... When the Moon is in her Octants, 


the Pins V, X; Y, Z are in the’ parts 0, 0, 0,0 of 
the Elliptic Groove, which parts are ata mean - 


between the greateft and leaft diftances from the — 
Center g, and then all the four fmall Plates — 


a 


405. The ‘Ecripsarzon. This piece of Me- 


chanifm exhibits the Time, Quantity, Duration — 


and Progrefs of folar Eclipfes, at all parts of the | 


~ Farth. 1 


‘The principal parts of this Machine are, 1. A_ 


terrefirial Globe 4 turned royndits Axis B by the _ 
Handle or Winch Jf; the Axis B inclines 233. 


Degrees, and has an Index which goes round the 
A 2 sage 7. Hoa 


. 


/ 
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‘Hour-Circle D in each rotation of the Globe. «2. 


- Acircular Plate E, on the Limb ef which the 


Months and Days of the year are.inferted. This 


Plate fupports the Globe, and gives its Axis the. 


fame pofition to the Sun, orto a Candle properly 
placed, that the Earth’s Axis has to the Sun upon 
any day of the year, § 398, by turning the Plate 
till the given day of the Month comes to the fixed 


- Pointer, or Annual Index G. 3. A crooked Wire 


£, which points towards the middle of the Earth’s 


enlightened Dife at all times, and fhews to what 
_ place of the Earth the Sun is vertical at any given 


time. 4. A Penumbra, or thin circular Plate of 
brafs J divided into 12 Digits by 12 concentric 
Circles, which reprefent a Section of the Moon’s 
Penumbra, and is proportioned to the fize of the 


Globe; fo that the fhadow of.this Plate, formed 
_ by the Sun or a Candle placed at a convenient dif- 


tance, with its Rays tranfmitted through a convex 


Lens to ‘make them fall parallel. on the Globe, 
eovers exactly all thofe places upon it that the 


_ Moon’s fhadow and Penumbra do on the Earth; 
fo that the Phenemena ofany folar Echipte may be 


dhewn by this Machine with Candle-light almott as 


well.as. by the light of the Sun. 5.. An upright 


frame H HHH, on the fides of which are Seales 


- of the Moon’s Latitude or Declination from the 
_Kcliptic. To thefe Seales are fitted two Sliders A 


and K, with Indexes for adjutting the Penumbra’s 
Center to the Moon’s Latitude, as it is North or 


South Afcénding or Defcending. 6. A folar Tio- 
_vizon C, dividing the enlightened Hemifphere of 
the Globe from that which is in the dark at any 


given time, and fhewing at what places the general 


_ Kclipfe begins and ends with the rifling or fetting 
Sun. 7..A handle M,. which turns the Globe 


round its Axis by wheel-work, and atthe fame time 


moves the Penumbra acrefs the frame by threads 
over the Pulleys. L, L, £, with a velocity duly pro- 


portioned to that of the Moon’s thadow over the 


~ Barth, as the Earth turns on its Ais, And.as 


FF2 the 
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the Moon’s motion is quicker or flower according 
to her different diftances from the Earth, ‘the | 
penumbral ‘Motion is eafily regulated in the 
Machine by changing one of the Pulleys. | 
To rveétify the Machine for ufe. The true time of 
New Moon and her Latitude being known by the 
foregoing Precepts, § 353, e¢ /eg. if her: Latitude 
exceeds the number of minutes or divifions on the 


‘Scales ( (which are on the fide of the frame hid from 
view in the Figure of the Machine) there can be - 


no Eclipfe of £ the Sun at that Conjunétion; but if 
it does not, the Sun will beeclipfed to fome places 
of the Earth ; and, to thew the times and various 
appearances of the Eclipfe at thofe places, proceed 
im order as follows. 

To rectify the Machine for performing by the Light — 
of the Sun. 1. Move the Shders K K till their In: | 


dexes point to the Moon’s Latitude on the Scales, - 


as itis North or Soutly Afcending or Defcending, 


at that time. 2. Turn the Month: Plate E till the | 
day of the given New Moon comes to the Annual 
Index G. 3. Unfcrew the Collar N a little on the 
Axis of the Handle, to loofen the contiguous focket 
on which the threads that move the Penumbra are 
wound, and fet the Penumbra by hand till its 
Center comes to the perpendicular thread in the 
middle of the frame ; which thread reprefents the - 
Axis of the Ecliptic. 4. Turn the Handle till the 
Meridian of London on the Globe comes juft under. 
the point of the crooked Wire F'; then ftop, and 
turn the Hour Circle D by Hand till XII at Noon 
comes to its Index, and fet the Penumbra’s middle 
to the thread. 5. Turn the Handle till the Hour- 
Index points to the time of New Moon in theCircle 
D; and holding it there, ferew faft the Collar N. 
Lafily,. elevate the Machine till the Sun fhines— 
through the Sight-Holes in the fmall upright Plates 
O, O on the ‘Pedeftal ; and the whole Maching 


will be rectified. 


To rectify the Mashine for frewing by Candle- 
Hight. Proceed in arery seg an as above, except 
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The Ecupsarzon decribed: 


in that part of the laft paragraph where the Sun is 
mentioned; inftead of which, place a Candle before 
the Machine, about four yards from it, fo as the 
fhadow of interfection of the crofs threads in the 
Middle of the frame may fall precifely on that part 
of the Globe to which the crooked Wire F points: 
_ then, with a pair of compafles, take the diftance 
- between the Penumbra’s Center and interfeéction of 
the threads; and equal to that diftance fet the Can- 
dle higher or lower, as the Penumbra’s Center is 
above or below the faid interfection. Lafily, place 
-alarge convex Lens betiveen tlie Machine and 
Candle, fo as the Candle may be in the Focus of 
the Lens, and then the Rays will fall parallel, and 
caft a {trong light on the Globe: MAES: 
_' Thefe things being done (and théy may be done 
 fooner than they can be expreiled)turn the Handle 
backwards, until the Penumbra almoft touches the 
fide H F of the frame; then turning gradually 
forwards, obferve the following Phenomena. 1, 
‘Where the eaftern edge of the fhadow of thé Pe- 
numbral Plate J firft touches the Glode at the folar 
Horizon: thofe who inhabit the correfponding part 
of the Earth fee the Eclipfe begin on the uppermoft 
edge of the Sun, juft at the time Of its rifing. 2. In 
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that place where the Penumbra’sCenter firft touches — 


the Globe; the inhabitants have the Sun rifing upon 


them centrally eclipfed. 3: When thewhole Pentm-_ 


bra juft falls upon the Globe, its weftern edge at the 
folar Horizon touches and leaves the place where 
the Eclipfe ends at Sun-rife on the lowermott edge. 
Continue turning; and, 4. the crofs lines in the 
‘Center of the Penumbra will go over all thofe 


placés on the Globe where the Sun is centrally: 


‘eclipfed: 5. When the eaftern edge of the fhadow 
‘twuches any place of the Globe, the Eclipfe begins 
there: when. the vertical line in the Penumbra 
comes to any place, then is the greateft obfcuration 
at that place; and when the weftern edge of the 
Penumbra leaves the place, the Eclipfe ends there; 
the times of all which are fhewn on the Hour- 

: FF 3 Circle; 
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Circle; and from the beginning to the end, the 


Shadows of the concentric penumbral Circles thew — 


the numbérs of: Digits eclipfed at all the inter- \ 
mediate times, 6,.When the eaftern edge of the 


Penumbra leaves the Globe at the folar Horizon — 


C, the inhabitants fee the Sun beginning to be: 


aclipfed on his lowermoft edge at its fetting. — 


+. Where the Penumbra’s Center leaves the Globe, 
the inhabitants fee the Sun fet centrally eclipfed. 


Andlafily, where the Penumbra is wholly departing — 


from the Globe, the inhabitants. fee the Ecliple 


ending on the uppermott part of the Sun's edge, » 


‘at the time of its difappearing in the Horizon. 


N. B. Jfany given day of the year on the Plate 


E be fet to the Annual Index G, and the Handle ~ 


turned till the Meridian of any place comes under 


the point of the crooked Wire, and then the Hour- 


Circle D fet. by the hand..till XII comes to its 


Index; in turning the Globe round by the Handle, q 
when the faid place touches the eaftern edge of — 


the Hoop or folar Horizon C, the Index thews the 
time of Sun-fetting at that place; and when the ~ 
place is juft coming out from below the other edge _ 


of the Hoop C, the Index thews the time when 


the Evening Twilight ends to it. When the place " 


fo as to touch under the back of the Hoop C, on 


the other. fide, the Index fhews the time when the © 
Morning Twilight. begins; and when the fame 
place is juft.coming out from below.the edge of the 


_ Hoop.next the frame, the Index points out the time. 


has gone through the dark part.4j;and comes about. — 


ren 


of Sun-rifing. And thus, the times of Sun-rifing — 
and Setting are fhewn.at all places in.one rotation — 


of the Globe, for any given day of the year: and < 
the point of the crooked Wire F fhews all the places: — 


over which the Sun paffes vertically on. that day. 
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PLAIN METHOD 
OF FINDING 


The DISTANCES of all the PLANETS 
from the SUN, . 


BY THE 


» TRANSIT of VENUS over the SUN's DISG, | 
in the wear 176i": 


To which is fubjoined; 


An Account of Mr. HORROX’s Obfervations of 
the Transit of Venus in the Year 1639: 


AND ALSO, OF THE — 
DISTANCES of all the PLANETS from the SUN, 
As deduced from 
OBSERVATIONS of the TRANSIT 
in the Year 1761; 
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THE | 
ME TH: O-D is 
OF FINDING THER 


DISTANCES of the PLANETS from the SUN. 


CHAPTER XX, 
ABRTICL Es’ L 


‘Concerning Parallaxes, and their Ufe in general, 


I. oi fie E* approaching tranfit of Venus over 
& the Sun has juftly engaged the attention 
of Afironomers, as it is a phenomenon feldem 
‘feen, and as the parallaxes of the Sun and Planets, 
‘and their diftances from one another, may be found 
with greater accuracy by it, than by any other 
method yet known. — 


2. The parallax of the Sun, Moon, or any planet, 


is the diftance between its true and apparent place 
in the heavens. ‘The true place of any celeftial 
‘ object, referred to the ftarry=heaven, is that in 


which it would appear if feen from the center of. 
‘the Earth; the apparent place is that in which it” 


appears as feen from the Earth’s furface. $i 
- To explain this, let 4d BD H be the Earth( Fig. 1 
of Plate XIV.), C its center, Af the Moon, and 
‘ZX R anarc of the ftarry'heaven. To an obferver 
at C (fuppofing the Earth to be tran{parent) the 
Moon M will appear at U, which is her true place, 
referred to the fiarry firmament: but at the fame 


* The whole of this Differtation was publifhed in the begin- 


bing of the year 1761, before the Time of the Tranfit, except 


the 7th and 8th Articles, which are added fince that time. 
Two Editions of this Traé, viz. the Firft and Second, were 


‘publified at London in the year 1761.—Ed. | 
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infant, to an obferver. at 4 fhe will appear at w, 
below her true place among the flars.— The 
angle 4 MC is called the Moon’s parallax, and is 
equal to the oppofite angle 7 Af u, whole meature 
is the celeftial arc  w.—The whole Earth is but a 
point if compared with its diftance from the fixed 
flars, and therefere we confider the fiars as having 


no parallax at all. 


g. The nearer the objectis to the harizon, the 


greater is its parallax ; the nearer it is to the ze- 
—nith, the lefs. In the horizon it is greateft of all ; . 
-in the zenith it is nothing.—Thus let 4d L¢ be the 


fenfible horizon of ‘an obferver at A ; to him the 
Moon at LZ isin the horizon, and her parallax is the, 


angle 4d LC, under which the Earth’s femidiameter | 


AC appears as feen from her. ‘This angle is called 


‘the Moon’s horizontal parallax, and is equal to the © 


eppofite angle TLt, whofe meafure is the arc T¢ 
in the ftarry heaven. As the Moon rifes higher 
and higher to the points 41, N,O, P, in her diurnal 
courte, the parallaétic angles :.U M1 u, X N 2, 
Yoy diminifh, and fo do the arcs Vu, X2, Vy, 
which are their meafures, until the Moon comes to 
P ; and then the appears in the zenith Z without 
any parallax, her place being the fame whether it 
be feen from 4 on the Earth’s furface, or from: C 


MES LERLETS (pry ae Guia ae phate 
_ 4. Ifthe obferver at A could take the true mea- 
fure or quantity of the paralla@tic angle 4 LC, he 


might by that means find the Moon’s diftance from 
the center of the Earth. For, in the plain triangle 
L AC, the fide A C,’which is the Earth’s femi- 
diameter, the angle A EC, which is the Moon’s 
horizontal parallax, and the right angle C dL, 


would be given.: Therefore, by trigonometry, as 


the tangent of the parallactic angle 4d LC is to 
radius, fo is the Earth’s femidiameter 4 € t6 the 
Moon’s diftance C L from the Earth's center’ C_— 
But becaufe we confider the Earth’s femidiameter 
as unity, and thé logarithm of unity is nothing, 
cue hens nhs fubtracé 


a 
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fubtraé the logarithmic tangent ofthe angle ALC 
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from radius, and the remainder will be the loga- | 


rithm of CL, and its correfponding number is the 
number of xi idiameters of the Earth which the 
Moon is diftant from the Earth’s center.—Thus, 
fuppofing the angle ALC of = Moon’s horizon- 
tal parallax be 57" 18%)” 
From the radius -. - '- - = 10.0000000 
Subtract the tangent age wg : 8.2219207 


And there will remain,-, - ~ . 1.7780793 
which is the logarithm of 59.99, the niraber of a 
midiameters of the Earth which are equal to the 


Moon’s diftance from the Earth’s center. »Then, ~ 
59-99 ,being multiplied by 3985, the number of | 


~mules contained in the Earth’s femi-diameter, will 
give.239060 miles for the Moon’s diftance from 
the center of the Earth, by this parallax. 


5. But the true quantity of the Moon’s horizon- 
tal parallax cannot. be accurately determined by 
obferving the Moon in the horizon, on account of 
the inconftancy of the horizontal refractions, which 
always vary according to the flate of the atmo- 
{phere ; and at a mean rate, elevate the Moon’s 

apparent place near the horizon half as much 
as her parallax depreffes.it. And therefore to 
have her parallax more accurate, _ Aftronomers 
have thought of the following method, which 


feems to be a very good one, but hath not yet 


been put in practice. 

Let two obfervers be placed under the fame 
meridian, one in the northern hemifphere, and the 
Other in the fouthern, at fuch a diftance from each 
other, that the arc of the celeftial meridian included 
between their two zeniths may. be at leaft 80 
‘or go degrees. Let each obferver take the dif- 
tance of the Moon’s center from his zenith, by 
means of an exceeding good inftrument, at the 
qnoment of her pafling the’ Meridian : add thefe 
"two Bak mid icualnanices of the Moon together, a 

. their 


4M 


The Method of finding the, Diftances 


their excefs above the diftance between the two 
zeniths will be the. diftance between the two 
apparent places.of the Moon. Then, as the fum, 
of the natural fines of the two zenith-diftances of 
the Moon is to-radius, fo is the difiance between 
her two apparent places to her horizontal parallax: 
which being found, her diftance from the Earth's 
center may be found by the analogy mentioned 
in § 4. 


Thus in Fig... let VEC Q be the Earth, M the 


Moon; and Z baz an arc of the ¢eleftial meridian. | 


Let FV be Vienna, whofe latitude EV is 48° 20’ north; 


and C the Cape of Good Hope, whofe latitude EC is 


34° 30 fouth: both which latitudes we fuppofe to 
be accurately determined before-hand by the ob- 


_fervers.. As thefe two places are on the fame me- 


ridian nV E C's, and in different. hemifpheres, the 
fum of their latitudes 82° 50’ is their diftance from 
each other. Z is the zenith of Vienna, and z the 
zenith of the Capeof Good Hope ; which two zeniths 


are alfo 82° 50° diftant from. each other, in the 


common celeftial meridian Zz. To the obferver 
at Vienna, the Moon’s center will appear at @ in 


the celeftial meridian; and at the fame initant, to 


the obferver at the Cape, it will appear at 6. Now 


‘fappofe the Moon’s diftance Za from the zenith 


of Vienna to be 38° 1’ 53”; and her diltance x 6 


‘from the zenith of the Cape of Good Hope to be 46° 
4 41%: the fum of thefe two zenith-diftances 


(Za 4 xb) is 84° 6 34”, from which fubtract 


82° go’, the diftance. Z.2 between the zeniths of 


ihefe two places, and there will remain 1° 16’ 34” 
for the arc 6 a, or diftance between the two appa- 
rent places of the Moon’s center, asfeen from Vand 


from C. Then, fappofing the tabular radius to be 


¥oo000000, the natural fine of 38° 17 53” (the arc 


Za) is 6160816, and the natural fine of Aid 
41” (the are % b) is 7202821; the fum of both thete 
fines is 13363637. Say, therefore, As 13363637 
| | 3 | is 


* of the Pianets from the Sun. 


is to 10000000, fo is 1° 16’ 34” to 57’ 18”, which 
is the Moon’s horizontal parallax.) 

If the two places of obfervation be not exaétly 
under the fame meridian, their ‘difference of longi- 
tude muft be accurately taken, that proper allow- 
ance may be made for the Moon’s declinatienwhile 
fhe is pafling from the meridian of the one to the 
meridian of the other. | | 


6. The Earth’s diameter, as feen from the Moon, 
fubtends an angle of double the Moon’s horizontal 
parallax; which being fuppofed (as abové) to be 
57° 18%, or 3438”, the Earth’s diameter muft be 
1° 54 36", or 6876”. When the Moon’s hori 
zontal parallax (which is variable on account of 
the eccentricity of her orbit) is 57’ 18”, her dia- 
meter fubtends an angle 31’ 2”, or 1862”: there- 
fore the Earth’s diameter is to the Modn’s: dia 
meter, as 6876 isto 1862; that is, as 3.69 is to 1. 

And fince the relative bulks of fpherical bodies 
are as the cubes of their diameters, the Earth’s 
bulk is to the Moon’s bulk, as 49.4is tor. 

7. The parallax, and confequently the diftance 
and bulk of any primary planet, might be found 


in the above manner, if the planet was near enough 


to the Earth, to make the difference of its two 
apparent places fufficiently fenfible: but the 
neareft planet is too remote for the accuracy re- 
quired. In order therefore to determine the dif- 
‘tances and relative bulks of the planets with any 
tolerable degree of precifion, we muft haverecourfe 
to a method lefs liable to error: and this the ap- 
proaching tranft of Venus over the Sun’s difc will 
afford us. _ DS ee ones 9 Os eens RRO 
_ 8. From the time of any inferior conjunétion of 
the Sun and Venus to the next, is 583 days 22 
hours 7 minutes. And, if the plane of Venus’s 
. orbit were coincident with the plane of the ecliptic, 
the would pafs direétly between the Earth and the 
‘Sun at each inferior conjunction, and would then 
appear like a dark round {pot on the Sun for about 

Shan Ao ee lene 7 hours 
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q hours and 3 quarters. But Venus’s orbit (like 


the Moon’s) only interfeéts the ecliptic in two op- 


pofite points called its Nodes. And therefore one 
half of it is on the north fide of the ecliptic, and 
the other on the fouth: on which account, Venus 
can never be feen on the Sun, but.at thofe inferior 


_ conjunétions which happen in or near the nodes of 


her orbit. At all the other conjunctions, fhe either 
patles above or below the Sun; and her dark fide 


being then towards the Earth, fhe 1s invifible.— 
The laf time when this planet was feen like a 


ipot on the Sun, was on the 24th of November, Old 
Style, in the year 1639. ie 


AGRI THe Bi Be Wf 


Shewwing how to find the horizontal parallax of Venus 
by obfervation, and from thence, by analogy, the 
parallax and diftance of the Sun, and of all the 

. Planets from him. | hase 


g- In Fig. 4. of Plate XIV. let DBA-be the 
Earth, V Venus, and 7’SR the eaftern mb of the 
Sun. To an obferver at B the point ¢ of that limb 
will be on the meridian, its place referred to the 
heaven will be at E, and Venus will appear jué 


within it at S. But, at the fame inftant, to an ob- 


ferver at 4, Venus is eaft of the Sun, in the right 


Tine 4VF'; the point ¢ of the Sun’s limb appears 


at ¢ in the heaven, and if Venus were then vifible, — 
fhe would appear at F. The angle CV A 1s the 
horizontal parallax of Venus, which we feek; and — 
is equal to the oppofite angle FV E, whole mea- 
fure is the are FE. ASC is the Sun’s horizontal — 
parallax, equal to the oppofite angle eS'E, whofe 


‘meafure is the arceE: and-F’ 4e (the fame as 


V Av) is Venus’s horizontal parallax from the Sun, 
which may be found by obferving how much later — 
in abfolute-time her total ingrefs on the-Sun is, as — 
feen from A, than as feen from B, which is the — 

| es “tne 


of the Planets From the Sun. 


time fhe takes to move from V tov in her orbit 
OV v. | | h agg 

10. It appears by the tables of Venus’s motion 
and the Sun’s, that at the time of her enfuing ‘tran- 
fit, fhe will move 4° of a degree on the Sun’s difé 
in 60 minutes of time; and therefore fhe will move 
4” of a degree in one minute of time. my 
_ _ Now let us fuppofe, that 4 is go° welt of B, 
. fo that when it is noon at B, it will be VL in. the 


- morning at 4 ; that the total ingrefs as feen from _ 


£ is at’1 minute paft XII, but that as feen from A 
it is at 7 minutes 30 feconds paft VI: deduct 6 
hours for the difference of meridians of 4 and B, 
and the remainder will be 6 minutes 30 feconds for 
the time by which the total ingrefs of Venus on the 
Sun at S' is later as feen from A than as feen from 
B: which time being converted into parts of a 


degree is 26”, or the arc fe of Veaus’s,horizontal 


parallax from the Sun: for, as 1 minute of time 
is to 4 feconds of a degree, fo is 64 minutes of 
time to26 feconds ofa degree. | 
11. The times in which the planets perform 
their annual revolutions about the Sun, are already 
known by obfervation.—From thefe times, and 
the univerfal power of gravity by which the planets 


are retained in their orbits, it is demonttrable, 


that if the Earth’s mean difiance from the Sun be 
divided into 100000 equal parts, Mercury’s mean 
diftance from the Sun muft be equal to 38710 of 
thefe parts—Venus’s mean diftance from.the San, 
to. 72333—Mars’s mean diflance, 152369—Jupi- 
ter’s, 520096—and Saturn’s, 9 54006. Therefore, 
when the number of miles contained in the mean 


diftance of any planet from the Sun is known, we — 


‘can by thefe proportions, find the mean diftance 
in miles of all the reft. | 
12. At the time of the enfuing tranfit, the 
Earth’s diftance from the Sun will be 1015 (the 
, mean diftance being here confidered as 1000), and 


Venus’s diflance from the Sun will be 726 (the | 


MeCdit 
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‘mean diftance being confidered as 723), which — 
‘differences from the mean diftances arife from the 


elliptical figure ‘of the planets’ orbits—Subtrac&t 
426 parts from 1015, and there will remain 289. 
parts for Venus’s diftance from the Earth at that 
time, 


13. Now, fince the horizontal parallaxes of the 
planets are* inverfely as their diftances from the 
Earth’s center, it is plain, that as Venus will be 
between the Earth and the Sun on the day of her 
tranfit, and confequently her parallax will be then 
greater than the Sun’s, if her horizontal parallax 
can be on that day afcertained by obfervation, the. 
Sun’s horizontal parallax may be found, and con- 
fequently his diftance from the Earth.—Thus, fup~ 
pofe Venus’s horizontal parallax fhould be found 
to be 36’.3480; then, As the Sun’s diftance 1015 
is to Venus’s diftance 289, fo is Venus’s horizontak 
parallax 36.3480 to the Sun’s horizontal parallax 
10”.34g3 on the day of her tranfit. And the 
difference of thefe two parallaxes, viz. 25.9987 
(which may be efteemed 26”) will be the quantity » 
of Venus’s horizontal parallax from the Sun; 
which is one of the elements for projecting or 
delineating her, tranfit over the Sum’s dife, as will 
appear further on. i PI91 

To find the Sun’s horizontal parallax at the time 
of his mean’ diftance from the Earth, fay, As 1000 
parts, the Sun’s mean diflance from the Earth's 


‘center, is to 1015, his diftance from it on the 


* To prove this, let S be the Sun (Fig. 3.) V Venus, AB the 
Earth, C its center, and AC its femidiameter. Theangle AVC 
is the horizontal parallax of Venus, and ASC the horizontal 
parallax of the Sun. But by the property of plain trianglet 
as the fine of AVC (or of SV.A its fupplement to 180) is to the 
fine of ASC, fo'is AS to AV, and fo is CS to CV.— 
N. B. In all angles lefs than a minute of a degree, the fines, 


_ tangents, and arcs, are fo neatly equal, that they may, witlrout 


error, be ufed for one another. And here we make ufe of 
Gardiner’s logarithmie tables, becaufe they have the fines to 
every fecond of a degree. : 4 xr 


day 


of the Planets from the Sun. 


‘day of the tranfit, fo is 107.3493, his horizontal 
parallax on that day, to 107.5045, his horizontal 
parallax at the time of his mean difiance from the 
Earth’s center, ; 


14. The Sun’s parallax being thus (or any other 


_ way fuppofed to be) found, at the time of hismean 
_diftance from the Earth, we may find its trte dif- 
tance from it in femidiameters of the Earth, by 
the following analogy. As the fine (or tangent 
of fo. fmall an arc as that) of the Sun’s parallax 
10”.5045 is to radius, fo is unity, or the Earth’s 
- femidiameter, to the number of femidiameters of 
the Earth that the Sun is diftant from its center, 
which number, being multiplied by 3985, ‘the 
number of miles contained in- the Earth’s femidi- 
_ ameter, will give the number of miles which the 
Sun is diftant from the Earth’s center. 

Then, by §. 11, As 100000, the Earth’s mean 
diftance from the Sun in parts, is to 38710, Mer- 
- cury’s mean diftance from the Sun in parts, fo is 
_ the Earth’s meam diftance from the Sun in miles, to 


Mercury’s mean difiance from the Sun in miles,— © 


As 100000 is to 72333, fo is the Earth’s mean 
diftance from the Sun in miles to Venus’s mean 
diftance from the Sun in miles.—-Likewile, 

As 100000 is to 152369, fo is the Earth’s mean 
diftance from the Sun in miles to Mars’s mean 
diftance from the Sun in miles.—Again, 

As 100000 is to 520096, fo is the Earth’s mean 
diftance from; the Sun in miles to: Jupiter’s mean 
diftance from the Sun in’ miles.—Laftly, | 
_ As 100000 is to 954006, fo is the Earth’s mean 


diftance from the Sun in miles to Saturn’s mean 


diftance from the Sun in miles. 


And thus, by having found the diftance of arty 


one of the planets from the Sun, we have fufficient 
data for finding the-diftance of all the reft—_And 
‘then frem their apparent diameters at thefe known. 

| . Ge © diftances, 
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diftances, their real diameters and bulks may be 
found. 

15. The Earth’s diameter, as feen from the 
Sun, fubtends an angle of double the Sun’s hori- 
zontal parallax, at the time of the Earth’s mean 
diftance from the Sun: and the Sun’s diameter, as _ 
feen from the Earth at that time, fubtends an angle 


- of 32/ 2%, or 1922”. Therefore the Sun’s diameter 


is. to the Earth’s diameter, as 1922 is to 21.— 


‘And fince the relative bulks of {pherical bodies are 


as the cubes of their diameters, the Sun’s bulk is 
to the Earth’s bulk, as 75,6058 is.to 1; fuppofing 
the Sun’s mean horizontal parallax to be 107.5, as 
above: - ; 4p : 
16. It is plain by Fig. 4. that whether Venus 
be at VU or V, or in any other part of the right line - 
BVS, it will make no difference in the time of her 
total ingrefs on the Sun at S, as feen from B ; but - 
as feen from 4.it will. For, if Venas be at V,her . 
horizontal parallax from the Sun is the are fe, 
which meafures the angle /’4e: but if the be nearer 
the Earth, as at UV,her horizontal parallax from the 
Sun is the are fe, which meafures the angle f de; » 
and this angleis greater than the angle #’ A e, by 


the difference of their meafures f #. So that, as 


the diftance of the celeftial object from the Earth 
is lefs, its parallax is the greater. | 

17. To find the parallax of Venus by the above 
method, it is neceffary, 1. That the difference of 
meridians of the two places of obfervation be 9o°. 
—2. That the time of Venus’s total ingrefs on the 
Sun be when his eaftern limb is either on the me- 


_ ridian of one of the places, or very near 1t.—And, 


3. That each obferver has his clock exattly*regu- 
lated to the equal time at his place. But as it 
might, perhaps, be difficult to find two places on 
the Earth fuited to the firft and fecond of thefe re- 


. quifites, we fhall faew how this important problent 


may be folved by a fingle obferver, if he be exact — 
cert ts II Loi ee " as 


t 


ee - or 
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as to his longitude, and has his clock truly adjufted 
to the equal time at his place. 


18. That part of Veénus’s orbit in which fhe will 
move during her tranfit on the Sun, may be con- 


- fidered as a ftraight line, and therefore, a plane 
may be conceived to pafs both through it and the 


Earth’s center. To every place on the Earth’s 
furface cut by this plane, Venus will be feen on 
the Sun in the fame path that fhe would defcribe 
as feen from the Earth’s center ; and therefore the 
will have no parallax of latitude, either north or 


_fouth; but will have a greater or lefs parallax of 


longitude, as fhe is more or lefs diftant from the 
meridian, at any time during her tranfit. 

Matura, a town and fort on the fouth coaft of 
the ifland of Ceylon, will be in this plane at the 


_ time of Venus’s total ingrefs on the Sun ; and the 


Sun will then be 62 4° eaft of the meridian of that 


place. Confequently to an obferver at Matura, 


* 


Venus wil have a confiderable parallax of longi- 
tude eaftward from the Sun, when fhe would 


_ appear to touch the Sun’s eéaftern limb as feen 


from the Earth’s center, at which the Aftronomical 
Tables fuppofe the obferver to be placed and give 
the times as feen from thence. 


19. According to thefe tables, Venus’s total 
ingrefs on the Sun well be 50 minutes after VIL in 
the morning, at Matura*, fuppofing that place to 
be 80° eaft longitude from the meridian of London, 
which is the obferver’s bufinefs to determine. Let 


‘us imagine that he finds it to.be exattly fo, but 


that to him the total ingrefs is at VII hours 55 
minutes 46 feconds, which is 5 minutes 46 feconds 
later than the true calculated time of total ingrefs, 
as feen from the Earth's center. Then, as Venus’s 


Motion on (or towards, or from) the Sun is at the 


LJ - 
~ * The time of total ingrefs at London, .as feen from the 
arth’s Cetiter, is at 30 minutes after II in the morning ; and 
if Matura-be juft 80° (or 5 hours 20 minutes) eaft of London, 


when it is 30 minutes patt IJ in the morning at London, it is 


50 minutes paft VII at Matura. 
‘ a CGR * fate 
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rate of 4 minutes of a degree in an hour (by § 16.) 

her motion muft be 23”.1 of a degree in 5 minutes 

- 46 feconds of time: and this 23”.1 is. her parallax 

' eaftward, from her total ingrefs as feen from AZLa- 
tura, when her ingrefs would be total if feen ftom _ 

_ the Earth’s center. a 

20. At VIE hours 50 minutes. in the morning, 

the Sun is 623° from the meridian ; at VI in the 

morning he is go° from it: therefore, as the fine 

of 624° is to the fine of 23”.1 (which is Venus’s 

parallax from her true place on the*Sun at Vit 

| hours 50 minutes), fo is radius or the fine of ‘90°, 

; to the fine of 26”, which is Venus’s horizontal 

parallax from the Sun at VI. In logarithms thus: 


‘As the logarithmic fine of 62° 30’ co” - = + 9-9479289 
Is to the logarithmic fine of « - - 237.1 - - 6.0481510 
So is the logarithmicradius - - - = 4 + 10,0000000 : 
To the logarithmic fine of - - - 26” very néarly 6.100222 


Divide the Sun’s diftance from the Earth, 1015, 
by his diftance from Venus 726 (§ 12.) and the 
quotient will be 1.9980; which being multiplied 
by Venus’s horizontal parallax from the Sun 26”, 
will give 967.3480, for her horizontal parallax as 
feen from the Earth at that time.—Then (by § 13.) 
as the Sun’s diftance, 1015, is to Venus’s diftance - 
28g, fo is Venus’s horizontal parallax 367.3480 to” 
theSun’s horizontal parallax 10%.3493.—IfVenus’s 
horizontal parallax from the Sun is found by 
obfervation to be greater or lefs than 26”, the 
Sun’s horizontal parallax muft be greater or lefs 

» than 107.3493 accordingly. mes 
| 21, And thus, by a fingle obfervation, the - 
parallax of Venus, and confequently the parallax | 
of the Sun might be found, if we were fure that the 
Aftronomical "Tables were quite correét. as to the 
time of Venus’s. total ingrefs on the Sun.—But 
although the tables may be fafely dpended upon 
for fhewing the true duration of the tranfit, which’. 
will not be quite 6 hours from the time of Venus’s 
total ingrefs_on«the Sun’s eaftern limb, to ‘the 
5 5 iy eens f-"a Tat itas 
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_ beginning of her egrefs from his weftern; yet they 
may perhaps not give the true times of thefe two 
- internal contaéts: like a good common glock, 
which though it may be trufted to for meafuring a 
few hours of time, yet perhaps it may not be 
quite adjufted to the meridian of the place, and 
confequently not true as to any one hour; which 
every one knows is generally the cafe.—Therefore, 
to make fure work, the obferver ought to watch 
- both the. moment of Venus’s tatal ingrefs on the 
Sun, and her beginning of egrefs from him, fo as 


to note precifely the times between thefe two - 


infiants, by means of a good clock: and by 
comparing the interval at his place with the true 
ealculated interval as feen from the Earth’s center, 
which will be five hours 58 minutes, he may find 
the parallax.of Venus from the Sun both at her 
total ingrefs and beginning of egrefs. 


22. Lhe manner of obferving the tranfit fhould 
be as follows*:—The obferyer being provided with 
a good telefcope, and a pendulum clock well 
adjufted to the mean diurnal revolution of the Sun, 
and as near to the time at his place as conveniently 
- may be; and having an afliftant to watch the clock 
at the proper times, he muft begin to obferve the 
$un’s eaftern limb through his telefcope, twenty 
minutesat leaft before the computed time of Venus’s 
total ingrefs upon it, left there fhould be an error in 
the time of the beginning as given by the tables. 
_. When he perceives a dent {as it were) to be 
- made in the Sun’s limb, by the interpofition of the 
dark body of Venus, he muft then continue to 
watch her through the telefcope as the dent 
yncreafes ; and his affiftant muft watch the time 
thewn by the clock, tilt the whole body of the 
planet appears juft within the Sun’s limb: and the 
moment when the bright limb of the Sun appears 


' * See alfo Dr. Matkelyne’s “ Inftructions relative to the 
tranfit of Venus in June 1769,” annexed to the Nautical 
_ Almanac for that year.— Ed. boys 
GG3 clofe 
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clofe by the eaft fide of the dark limb of the planet, 


the obferver, having a little hammer in his hand, 


“is to trike a blow wh aida Te on the table or wall; 


the moment of which, the affiftant notes by the 
clock, and writes it down. 
_ Then, let the’ planet pafs on for about 2 hours 
59 minutes, in which time it will be got to the 
middle of its apparent path ou tlie Sun, and confe- 
quently will then be at its leaft apparent diftance 


from the Sun’s center; at which time the obferver 3 


muft take its. diftance from the Sun’s center by 
means of a good micrometer, in order to afcertain 
its true latitude or declination from the ecliptic, 
and thereby find the places of its nodes. 

This done, there is but little occafion to obferve 


it any longer, until it comes fo near the Sun’s _ 


wettern limb, as almoft to touch it. ‘Then the 
obferver muft watch the planet carefully with his 
telefcope: and his affiftant muft watch the clock, 
fo as to denote the precife moment of the planet’s 
touching the Sun’s limb, which the affiftant knows 
by the obferver’s ftr iking a blow with his hammer*. 


23. Lhe affiftant m uft be very careful in obferving 
what minute on the Dial-plate the minute- hand 


has pait, when he has obferved the fecond-hand at 


the inftant the blow was: firuck by the hammer ; 
otherwife, though he be right as to the number of 


: feconds of the cur rent minute, he may be apt to 


make a miftake 3 mn the number of minutes. 


24. Lothofe places where the tranfit beginsbefore 
XI. at noon, and ends after it, Venus will have an 
eaftern parallax from the Sun at the beginning, and 
a weftern parallax from the Sun at the end; which 
will contraét the duration of tne tranfit, by caufin g 
jt to begin later, and end fooner, at. thele places, 


than it pple: as feen from the Earth’ s center; which 


may be explained in the following manner. 


_ * This, however, is more accurately determined in an 


Obfervatory, by attending to the found of the aflittant clock, 
which ftrikes every fecond. —£d. 


In 
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-In Fig. 5. of Plate XIV. let BMA be the Earth, 
V7 Venus, andS' the Sun. The Earth’s Motion on 
its axis from weft to eaft, or in the direCtion 
AMB carries an obferver on that fide contrary 
to the motion of Venus in her obit, which is in 
the direction UV W, and will therefore caufe her 
metion to appear quicker on the Sun’s dife, than 
it would appear to an obferver placed at the Earth’s 


center C, or at either of its poles. For, if Venus | 


were to fiand ftill in her orbit at V for twelve hours, 
the obferver on the Earth’s furface would in tbat 
time be carried from 4 to B, through the arc 


AMB. Whenhe was at A, he wouid fee Venus’ 


on the Sun at R; whenat™M, he would her at S'; 
and when he was at B, he.would fee her at 7’. 
' fo that his own motion would caufe the planet to 
appear in motion on the Sun through the line 
RST; which being in the direétion of her appa- 
rent motion on the Sun as fhe moves in her orbit 


U IW, her motion will be accelerated on the Sun. 


to this obferver, juft as much as his own motion 


would fhift her apparent place on the Sun, if fhe 


were at reftin her orbit at V. ; 

- But as the whole duration of the tranfit, from 
firf to laft internal contaét, will not be quite fix 
hours; an obferver who has the Sun on his meri- 
dian at the middle of the tranfit, will be carried 
only from @ to 6 during the whole time thereof, 
And therefore, the duration will be much lefs con- 


traéted by his own motion, than if the planet were - 


to be twelve hours in paffing over the Sun, as feen 
from the Earth’s center. | 

25. The nearer Venus is to the Earth, the greater 
is her parallax, and the more will the true duration 


of her tranfit be contracted thereby; the farther 


contraction will be in direét proportion to the 
parallax. Therefore, by obferying, at proper places, 
how much the duration of the tranfit is lefs than 
its true duration at the Earth’s center, where itis 

G G4 ~ § hours 


the is from. the Earth, the contrary; fo that the 
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5 hours 58 minutes, as given by the Aftronomical 
tables, the parallax ‘et Venus wil be afcertained. 


26. The above method (§ 17, & feq.) is much 


the fame as was prefcribed long ago by Doétor | 


‘Halley; but the calculations differ confiderabl 
from his; as will appear in the next article, iiiich 
: contain a tranflation of the Doétor’s whole differ- 
tation on that fubject —He had not computed his 
‘own tables when he wrote it, nor had he time 
before-hand to make a fufficient number of obfer- 
vations on the motion of Venus, fo as to determine 
whether the nodes of her orbit are at reft or no; 
and was therefore obliged to truft to other tables, 
‘which are now found to be erroneous. | 


ARTICLE Hit. 


Containing Doétor Hatuey’s Difertation on the 
method. “of. finding the Sun’s parallax and diflance 
Srom the Earth, by the tranfit of Venus over the 

Sun's Dife, June the Sth, 1761. Tranflated 
Jrom the Latin in Motte’s Abridgement of the 
Philofophical Tranfaétions, Vol. I. page 243; 
with. additional notes. | . 


_ There are many ‘things exceedingly paradoxical, 
and that feem quite incredible to the illiterate, 
which yet. by means of mathematical principles 
may. be eafily folved. Scarce any problem will 
‘appear more hard and difficult, than that of deter- 
mining the diftance of the Sun from the Earth 
‘very near the truth: but even this, when we are 
made acquainted with fome exact obfervations, 
‘taken at places fixed’ upon, and chofen. before- 
hand, will without much labour be effected. And 
‘this is what I am now defirous to lay before this 
‘illuftricus Society * (which I foretell will continue 
for ages), that Imay explain before-hand to young 
Aftronomers, who may perhaps Sib to obferve 


* The Royal Society. is : 
ae the e 
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thefe things, a method by which the immenfe dif- 
tance of the Sun may be truly obtained, to within 
_-a five-hundredth part of what it really is. — 

It is well known that the diftance of the Sun 
from the Earth is by different Aftronomers fup- 
pofed different, according to what was judged mot 

probable from the beft conjeéture that each would . 
form. Ptolemy and his followers, as alfo Copernicus 
and Tycho Brahe, thought it to be 1260 femidia- ° 
meters of the Earth: Kepler, 3500 nearly: Ricciolus 

- doubles the diftance mentioned by Kepler, and 
fevelius only increafes it by one half. But the 
planets Venus.and Mercury having, by theaffift- 
ance of the telefcope, been feen in the difc of the 
Sun, deprived of their borrowed brightnefs, it is at 
dength found that the apparent diameters of the 
planets are much lefs than they were formerly fup- 
_ ‘pofed ; and that the femidiameter of Venus feen, 
trom the Sun fubtends no more than a fourth part 
of a minute, or fifteen feconds, while the femidi- 
ameter of Mercury, at its mean diftance from the 
Sun, is feen under an angle only of ten feconds ; . 
that the femidiameter of Saturn feen from the Sun 
appears under the fame angle; and that the 
femidiameter of Jupiter, the largeft of all the 

_planets, fubtends an angle of no more than a third 

‘part of a minute at the Sun. Whence, keeping — 
-the proportion, fome modern Aftronomers have 

‘thought that the femidiameter of the Earth, feen 
from the Sun, would fubtend a mean angle between 
that larger one fubtended by Jupiter, and that 
fmaller one fubtended by Saturn and Mercury ; 

and equal to that fubtended by Venus (namely, 
fifteen feconds): and have thence concluded, that 
the Sun is diftant from the Earth almoft 14000°of 
the Earth’s femidiameters. But the fame authors 
shave on another account fomewhat increafed this 
diftance : for inafmuch as the Moon’s diameter is 

‘alittle more than a fourth part of the diameter of ~ 

the Earth, if the Sun’s parallax thould be fuppoted 
Bic plies : fifteen 
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fifteen feconds, it would follow that the body of the 
Moon is larger than that of Mercury; that is, that 
a fecondary planet would be greater thar a 
primary; which would feem inconfiftent with the | 
uniformity of the mundane fyftem. And on the 


contrary, the fame regularity and uniformity {eems 
fearcely to admit that Venus, an inferior planet, 


that has no fatellite, fhould be greater than our 
Earth, which ftands higher in the fyftem, and has 
fuch a {plendid attendant. Therefore, to obferve 
a mean, let us fuppofe the femidiameter of the 
Earth feen from the Sun, or, which. is the fame 
thing, the Sun’s horizontal parallax, to be twelve 
feconds and a half; according to which, the Moon 
will be lefs than Mercury, and the Earth larger 
than Venus; and the Sun’s diftance from the Earth 
will come out nearly 16,500 of the Earth’s femi- 


diameters. This diftance I affent to at prefent, as 


the true one, till it fhall become certain what it is, 


by the Experiment which I propofe. Nor am I 


induced to alter my opinion, by the authority of 
thofe (however weighty it may be) who are for 
placing the Sun at an immenfe diftance beyond the 


~ bounds here affigned, relying on obferyations made | 


upon the vibrations of a pendulum, in order to. 
determine thofe exceeding fmall angles; but which, 
as it feems; are not fufficient to be depended upon: 
at leaft, by this method of inveftigating the paral- 
lax, it will come out fometimes nothing, or even » 
negative; that is, the diftance would either become 
infinite, or greater than infinite ; which is abfurd., k 
And indeed, to confefs the truth, it is hardly pof- 
fible for a mar. to diftinguifh, with any degree of 


certainty, feconds, or even ten feconds, with infiru- 


ments, let them be ever fo {kilfully made: there- 
fore, it is not at all to be wondered at, that the 
exceflive nicety of this matter has eluded the many 
and ingenious endeavours of fuch fkilful operators. 
Aboxt forty years ago, while I was in the ifland 


of St, elena, obferving the flars about the fouth 


/ pole, 
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pole, I had an opportunity of obferving with the 


greateft diligence, Mercury paffing over the difc 


of the Sun; and (which fucceeded better than [ 
could have hoped for) I obferved, with the greateft 
degree of accaracy, by means of a telefcope 24 
feet long, the very moment when Mercury enter- 
. ing upon the Sun feemed to touch its limb within, 
and alfo the moment when going off it ftruck the 
limb of the Sun’s difc, forming the angle of interior 
contact: whence I found the interval of time, 
during which Mercury then appeared within the 
Sun’s difc, even without an error of one fecond of 
time. For the lucid line intercepted between the 
dark limb of the Planet and the bright limb of the 
Sun, although exceeding fine, is feen by the eye; 
and the little dent made in the Sun’s limb, by 
Mercury’s entering the difc, appears to vanifh in 
a moment ; and alfo that made by Mercury, when 
leaving the difc, feems to begin in an inftant.— 
. When I perceived this, it immediately came into 
my mind, that the Sun’s parallax might be ac- 
curately determined by fuch kind of obfervations 
_asthefe; provided Mercury were but nearer to the 
Earth, and had a greater parallax from the Sun: 
but the difference of thefe parallaxes is fo little, as 
always to be lefs than the folar parallax which we 
- feek ; and therefore Mercury, though frequently 
to be feen on the Sun, is not to be looked upon as 

fit for our purpole. 3 
There remains then the tranfit of Venus over 
the Sun’s dife; whofe parallax, being almoft four 
times as great asthe folar parallax, will caule very 
fenfible differences between the times in’ which 
Venus will feem to be pafling over the Sun at 
- different parts of the Earth. And from  thete 
differences, if they be obferved as they ought, the 
Sun’s parallax may be determined even toa {mall 
part of a fecond. Nor do we require any other 
inftruments for this purpofe, than common tele- 
fcopes and clocks, only good of their kind ; and 
in the obferyers, nothing more is needful than 
pes ei i fidelity, 
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fidelity, diligence, and a moderate fkill in Aftrono- 
my. | For thete is no need that the latitude of the 
place fhould be ferupuloufly obferved, nor that the 
hours themfelvyes {hould be accurately determined 
with refpect to the meridian : it is fufficient that 
the clocks be regulated'according to the motion of 
the heavens, if the:times be well reckoned from 
the total ingrefs of Venus into the Sun’s difc, to 
the beginning of her egrets from it; that 1s, when 
the dark globe of Venus firft begins to’ touch the 


_ bright. limb of the Sun within ; which -moments, 


I know by my own experience, may be obferved 
within a fecond 6f time. 

But on account of the very firict laws by which 
the motions of the planets are regulated, Venus is 


feldom feen within the Sun’sdife: and during the __ : 


courfe of more than 120 years, it could not be 
feen once; namely, from the year 1639 (when this 
molt pleating fight happened to that. excellent 
youth, fforrox, our countryman, and to him only, 
fince, the creation) to the year 1761; in which 
year, according to the ‘theomes which we have 
hitherto found agreeable to the celeftial motions, 
Venus will a pats over the Sun on the * 26th 
of Afay, in the mor ving ; fo that at London, about 
fix o'clock in the merning, we may expect to fee it 
near the iniddle of the Sal s difc, and not above 
four minutes of a degree fauth of the Sun’s center. 
But the duration of this tranfit will be aloft eight 
hours; namely, from two o'clock in the mor ning 
till almoft-ten. Hence the ingrefs will not. Wis 


vilible in England ; but as the Sun will at. that | 


time be in ‘the. 16th degree of Gemini, having 
almoft 29 degrees north declination, it will be feen 
without ftetting at all in’ almoft all parts of the 


~ narth frigid zone: and therefore the inhabitants 


of the coat of Norway,beyond the city of Nedrofa,. 


which is called. Drontheim, as far asthe North 


Cape, will be able to obferve Venus entering the 


* The dth of une, a according gta the New Style. 
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Sun’s dife; and perhaps the ingrefs of Venus upon - 


the Sun, when rifing, will be feen bythe Scotch, in 
the northern parts of the Kingdom, and by the 
inhabitants of the Shetland I[/les, formerly called 
Thi:de. But at the time when Venus will be neareft 
the Sun’s center, the Sun will be vertical to the 
northern fhores of the bay of Bengal, or rather over 
the kingdom of Pegz; and therefore in the adjacent 
regions, as the Sun, when Venus enters his dife, 
will be almoft four hours towards the eaft, and as 
_ many towards the weft at the time of her egrefs, 
the apparent motion of Venus on the Sun will be 
accelerated by almofit double the horizontal parallax 
of Venus from the Sun; becaufe Venus at that 
time is carried with a retrograde motion from eaft 
to weft, while an eye placed upon the Karth’s fur- 
face is whirled the contrary way, from welt to eaft*. 

ere Suppofing 


4 < 
'* This has been already taken notice of in § 24; but I fhall 
here endeavour to explain it more at large, together with fome 
of the following part of the Doctor’s Efiay, by a figure. 

In Fig. 1. of Plate XV. let C be the center of the Earth, and 
' Z the center of the Sun. In the right line CoZ, make vZ to 
CZ as 726 is to 1015 (§ 12). Letachd be the arth, v Venus’s 
place in her orbit at the time of her conjunction with the Sun; 
‘and let TSU be the Sun, whofe diameter is 31’ 42". 

The motion of Venus in her-orbit is in the direction Nun, 
and the Earth’s motion on its axis is according to ‘the order of 
the 24 hours placed around it in the figure. ‘Therefore, 
' fuppofing the mouth of the Ganges to be at G, when Venus is 
at E in her orbit, and to be carried from G to g by the Earth’s 
motion on its axis, while Venus moves from & to e in her orbit; 
it is plain that the motions of Venus and. the Gunges are con- 
trary to each other. Ets 

The true motion of Venus in her orbit, and confequently 
_ the fpace fhe feems to run over on the Sun’s difc in any given 
time, could be feen only from the Earth’s center C, which is 
at reft with refpect to its furface. And as feen from C, her 
path on the Sun would be in theright line Fe U; and her mo- 
tion therein at the rate of four minutes of a degree in an hour, 
T is the point of the Sun’s eaftern limb. which Venus feems to 
touch at the noment of her,total ingrefs on the Sun, as feen 
from C, when Venus is at E m her orbit; and U is the point 
of the Sun’s weftern limb which fhe feems to touch at the 
‘moment of her beginning of egrefs from the Sun, as feen from 
€, when fhe is at ein her orbit. : , Che 
ze | ji : PAPAS When 
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Suppofing the Sun’s parallax (as we have faid) 
to be 122” the parallax of Venus will be 43”; 
from which fubtracting the parallax of the Sun, 
there will remain 30” at leaft for the horizontal 
parallax of Venus from the Sun; and therefore the 
motion of Venus will be increafed 45” at leaft by 
that parallax, while fhe paffes over the Sun’s dife, 
in thofe elevations of the pole which are in places 
near the tropic, and yet more in the neighbour- 
hood of the equator. Now Venus at that time 
will move on the Sun’s dife, very nearly at the 
rate of four minutes of a degree in an hour; and 
therefore 11 minutes of time at leaft are to be 
allowed for 45”, or three fourths of a minute of 

| . : a degree; 


When the mouth of the Ganges is at m (in revolving through 
the arc Gmg)} the Sun is on its meridian. Therefore, fince 
G and g are equally diftant from m at the beginning and end-~ 
ing of the tranfit, it is plain that the Sun will be as far eaft of 
the meridian of the Ganges (at G) when the tranfit begins, as 
it will be weft of the meridian of the fame place (revolved 
from G to g) when the tranfit ends. 7 

But although the beginning of the tranfit, or rather-the 
moment of Venus’s total ingrefs upon the Sun at T, as feen 


’ from the Earth’s center, muft be when Venus is at £ in her 


orbit, becaufe the is then feen in the direction of the right line 
CET; yet at the fame inftant of time, as feen from the 
Ganges at G, fhe will be thort of her ingrefs on the Sun, being 
then feen eaftward of him, in the nght line GE K, which 
makes the angle KET (equal to the oppofite angle GEC), 
with the right ine CET. This angle is called the angle of 
WVenus’s parallax from the Sun, which retards the beginning 
of the tranfit as feen from the banks of the Ganges; fo that the 
Ganges G, muft advance a little farther towards, and Venus 
muft move on in her orbit from E to R, before fhe can be feen 
from G (in the right lime G@RT) wholly within the Sun’s 
dife at T. . . 
When Venus comes to e in her orbit, fhe will appear at U, 
as feen from the Earth’s center C, juft beginning to leave the- 


Sun; that is, at the beginning of her egrefs from his weftern -_ 


limb: but at the fame inflant of,time, as feen from the Ganges, 
which is then at g, fhe will be quite clear of the Sun towards 
the weft; being then feen from g in the right line g¢L, which 
makes an angle, as Ue L (equai to the oppofite angle Ceg), 
with the right line Ce U: and this is the angle of Venus’s 

parallax 
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a degree; and by this fpace of time; the duration 
of this eclipfe caufed by Venus will, on account 
of the parallax, be fhortened. -And from this 


fhortening of the'time only, we might fafely enough 


draw a conclufion concerning the parallax which 
we are in fearch of, provided the diameter of the 
Sun, and the latitude of Venus, were accurately 
known. But we cannot expe an exatt compu- 
tation in a matter of fuch fubtiity. ) 

We muft endeavour therefore to obtain, if pof- 
fible, another obfefvation, to be. taken in thofe 
places where Venus will be in the middle of the 
Sun’s dife at midnight; that is, in places under 
the oppofite meridian to the former, or about 6 
hours.or go degrees weft-of London: and where 
Venus enters upon the Sun a little before its 


parallax from the Sun, as feen from the Ganges at g, when the 
is but juft beginning to leave the Sun at U, as feen from the 
Earth’s center C. 


Here it is plain, that the duration of the tranfit about the’ 


month of the Ganges (and alfo in the neighbouring places) 
will be diminithed by about double the quantity of Venus’s 
parallax from the Sun at the beginning and ending of the 
‘tranfit. For Venus muft be at E in her orbit when fhe is 
wholly upon the Sun at J; as feen from the Earth’s center C: 
but at that time the is fhort of the Sun, as feen from the Ganges 
at G, by the whole quantity of her eaftern parallax from the 
Sun at that time, which is the angle KET. (This angie, in 
fact, is only 23”; though it is reprefented much larger in the 
figure, becaufe the Earth therein is a vaft deal too big.] Now, 
as Venus moves at the rate of 4‘ inan hour, fhe will move 23" 
in § minutes 45 feconds: and therefore, the tranft will begin 
later by 5 minutes 45 feconds at the banks of the Ganges, than 
at the Earth’s center.——When the tranfit is ending at U, 
as feen from the Earth’s center at C, Venus will be quite clear 
of the Sun, (by the whole quantity of her weftern parallax from 
him) as feen from. the Ganges, which is then at g: and this 
parallax will be 22”, equal to the {pace through which Venus 
moves in 5 minutes 30 feconds of time: fo that the tranfit will 
end 57 minutes fooner as {een from the Ganges, than as feen 
- from the Earth’s center. | bP teks 
_ Here the whole contraction of the duration of the tranfit 
at the mouth of the Gunges will be.11 minutes 15 feconds of 
time: for it is 5 minutes 45 feconds at the beginning, and 5 
Mainutes go feconds at the end, ry 
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fetting, and goes off a little after its rifing. And 
this will happen under the abovezmentioned meri- 
dian, and where the elevation of the north pole is- 
about 56.degrees; that is, in a part of Hud/on’s: 
Bay, near a place called Port-Nelfon. For, in this 
and the adjacent places, the parallax of Venus will: 
increafe the duration of the tranfit by at leaft fix’ 
minutes of time; becaufe, while the Sun, from 
its fetting to its rifing, feems to —pafs under ihe 
pole, thofe places on the Earth’s dife will be car- 
ried with a motion from eaft to weft, contrary tO 
the motion of the Ganges; that is, with a motion 
con{piring with the motion of Venus; and there- 
fore Venus will feem to move more flowly on the 
Sun, and to be longer in pafling over his dife*. 


If 


* In Fig. I. of Flate XV. let aC be the meridian of the 
eaftern mouth of the Ganges; and bC the meridian of Pore- 
Neifon at the mouth of York River in Hudfon’s Bay, 56° north: 
latitude. As the meridian of the Ganges revelves from a toc, 
the meridian of Port Nel/on wilt revolve from b to d: there- 
fore, while the Ganges revolves from G to g, through the are 
Gm g, Port Nelfon revolves the contrary way (as feen from the 
Sun or Venus) from P to p through the-are Pap——Now, 
as the motion of Venus is from # to e in her orbit, while the 
feems to pafs over the Sun’s dife in the right line T¢U, as feen 


from the Earth’s Center’C, it is plain that while the motion 


of the Ganges is contrary to the motion of Venus in her orbit; 
and thereby fhortens the duration of the tranft at that place, 


the motion of Port-Nelfon is the. fame way as the motion of 


Venus, and will therefore increafe the duration of the tranfit: 
which may in fome degree be illuftrated by fappotirfg, that 
while a fhip is under fail, if two birds fly along the fide of 
the fhip in contrary directions to each other, the bird which 
flies contrary to the motion of the fhip will pafs by it fooner 
than the bird will, which flies the fame way that the fhip 
moves, a es . oe 

In fine, it is plain by the figure, that the duration of thé 
tranfit mult be longer as feen from Port-Nelfon, than as feen 
from the Earth’s center; and’ longer as feen from the Earth’s 
center, than as feen from the mouth of the Ganges.. For - 
Port-Nel/on muft be at P, and Venus at N in her orbit, when 
fhe appears wholly within the Sun at 7’: and the fame place’ 
mult be at p, and Venus at m, when fhe appears at U, begin- 
ning to leave the Sun.—The Ganges muft-be at G, and Venus 
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_ Jf therefore it fhould happen that this tranfit 
fhould be properly obferved by fkilful perfons at 
both thefe places, it is clear, that its duration 
will be 17 minutes longer, as feen from Port- 
Nelfon, than as feen from the Eaft-Indies. Nor is 
it of much confequence (if the Engli/h thall at that 
time given any attention to this affair) whether the 
obfervation be made at Fort-George, commonly 
called Vadras, or at Bencoolen on the weftern fhore 
of the ifland of Sumatra, near the Equator: But 
if the French fhould be difpofed to take any pains 
herein, an obferver may ftation himfelf conveniently 
enough at Pondicherry on the weft fhore of the bay 
of Bengal, where the altitude of the pole is about 
12 degrees. As to the Dutch, their celebrated 
mart at Batavia will afford them a place of obfer- 
vation fit enough for this purpofe, provided they 


alfo have but a difpofition to affift in advancing, in - 


this particular, the knowledge of the heavens — 
And indeed I could wifh that many obfervations 
of the fame phenomenon might. be taken by dif- 
ferent perfons at feveral places, both that we might 
arrive at a greater degree of certainty by their 
agreement, and alfo left any fingle obferver fhould 
_ be deprived, by the intervention of clouds, of a 
fight, which I know not whether any man living 
in this or the next age will ever fee again; and on 
which depends the certain and adequate folution of 
a problem the moft noble, and at any other time 
not to be attained to. I recommend it, therefore, 
again and again, to thofe curious Aftronomers, 
who (when 1 am. dead) will have an opportunity 


at R, when fhe is feen from G upon the.Sun at 7 ; and the 
fame place muti be at g, and Venus at r, when fhe begins to 
leave the Sun at U,as feen from g. So that Venus mutt move 
from N ton in her orbit, while the is feen to pafs over the Sun 
from Port-Nelfon; from & toe in pafling over the Sun, as feen 
from the Earth’s.center ; and only from & to r while the pafles 
over the Sum, as feen from the banks of the Ganges. | 
H a ns of 
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of obferving thefe things, that they would remem- 
ber this my ‘admonition, sand diligently apply them- 
felves with all their might to the making this ob- 
fervation ; and I ear neil y wifh them all imaginable 
fuccefs; in the firft place that they may not, by 
the unfeafonable obfcurity of a cloudy ky, be de- 
prived of this moft defirable fight ; and then, that 
having afcertained with more “exacinels the mag- 
nitudes of the planetary orbits, it may redound 
to their immortal fame and glory. 

_ We have now fhewn, that by this method the 
Sun’s parallax may beinveftigatedto within its five- 
hundredth part, which doubtlefs will appear won- 


derful to fome.. But if an accurate obfervation be. 
made in each.of the places above marked out, we | 


have already demonfirated that the durations of 


this echipfe made by Venus will differ from each © 
other by 17 minutes of time; that is, upon a fup- * 


pofition. that the Sun’s par allax is 128”. But if 


- the difference fhall be found by obfervation to be 


greater or lets, the Sun’s parallax will be greater 
or lefs, nearly 1a the fame proportion. ‘And fince 


17m inutes of time are anfwerable to 122 feconds 


of folar parallax, for every fecond of par allax there 
will arife a catevanice of mote than 80 feconds of 
time; whence, if we have this difference true to 
two feconds it will'be certain what the Sun’s pa~ 
rallax isto within a 40th part of one fecond;. and 


therefore his diftance will be determined to wits 4 


its 500dth part at leaft, if the parallax be not 


- found lefs than what we have fuppofed: for 40 
times 124 make 500. | 


And now,I think I have explained this matter 
fully, and even more than | needed to have done, 


to thofe who underitand Aftronomy : and I would — 
have them take notice, that on this oecafion, I 
have had no regard to the latitude of Venus, both — 


to avoid the i inconvenience of a more intricate cal- 


cMlagon, which would render the conclufion lefs 


1 by ee evident ; 


of the Planets from the Sun. 
evident ; and alfo becaufe the motion of the nodes 
of Venus.is not yet difcovered, nor can be deter- 
mined-but by fuch conjundtions of the planet with 
the Sun as thisis., For we conclude, that Venus 
will pafs 4 minutes below the Sun’s center, only 
in confequence of the fuppofiticn that -hé plane 
ef Venus's orbit is immoveable in the {phere of 
the fixed ftars, and that its nodes remain in the 
fame places where they were found in the year 
1639.. But if Venus in the year 1761, fhould 
move over the Sun in’a path more to the fouth, 
if will be manifeft that her nodes have moved 
backwards among the fixed ftars; and if more to 
the north, that they have moved forwards; and that 
at the rate of 54 minutes ofa degree in 100 Julian 
years, for every minute that Venus’s path {hall be 


_ more or Jefs: diftant than the above-faid 4 minutes 


from the Sun’s center. And the difference between 
the duration of thefe eclipfes will be fomewbat 
Jefs than 17 minutes of time, on account of 
Venus’s fouth latitude; but greater, if by the 
Motion of the nodes forwards fhe fhould pafs on 
the north of the Sun’s cénter. 
But for the fake of thofe who, though they are 
delighted with fidereal obfervations, may not yet 
have made themfelves acquainted with the doétrine 
of parallaxes, I choofe to explain the thing a little 


AGH: 


more fully by a fcheme, and alfo by a calculation — 


fomewhat more accurate. 


Let us fnppofe that at London, in the year 1761, - 


on the 6th of June, at 55 minutes after V in the 
morning, the Sun will be in Gemini 15° 97’, and 
therefore that at its center the’ ecliptic is inclined 
towards the north, in an angle of 6° 10; and that 
the vifible path of Venus on the Sun’s difc at 
_ that time declines to the fouth, making an angle 


with the ecliptic of 8°28’: then the path of Venus - 


will alfo be inclined to thé fouth, with refpect to 


the equator, interfeéting the parallels of decli- | 
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nation at an angle of 2° 18*, Let us alfo fuppofe, 
that Venus, at the forementioned time, will be at 
her leaft diftance from the Sun’s center, viz. only 


four minutes to the fouth ; and that every hour 
the will deferibe a fpace of 4 minutes on the Sun, 


> withareirograde motion: ‘The Sun’sfemidiameter 


will be 15’ 51” nearly, and that of Venus 372”. 
And let us fuppofe, for trial’s fake, that the differ- 
ence of the horizontal parallaxes of Venus with the 
Sun (which we want) is 31%, fuch as it comes out 
if the Sun’s parallax be fuppofed 123”. Then, 
on the center 'C (Plate XV. Fig. 2.) let. the little 
circle A B, reprefenting the Earth's difc, be de- 
{cribed, and let his femidiameter CB be 31”; and 
let the elliptic parallels of 22 and 56 degrees of 
north latitude (for the Ganges and Port-Neljon) be — 
drawn within it, in the manner now ufed by Aftro- 
nomers for conftructing folar eclipfes. Let BCs 
be the meridian in which the Sun is, and to this, 
let the right line / H G reprefenting the path of 
‘Venus be inclined at an angle of 2° 18’; and let 
it be diftant from the center C 240 fuch parts, 
whereof CB is 31. From C let fall the right tine 


_ (CH, perpendicular to F'G ; and fuppofe Venus to - 


be at H at 55 minutes after V in the morning. 
Let the right line F H G be divided into the horary 
fpace HLiV, 1V V, V VI, &c. each equal to C Hs 
‘that is, to 4 minutes of a degree. Alfo, let the 
right line LM be equal to the difference of the 


_ ® This was. an overfight in the Do@or, occafioned by his 


placing both the Earth’s axis BCg (Fig. 2. of Plate XV.) and 


the Axis of the orbit of Venus Cf on the fame fide of the axis 
of the ecliptic C K; the former making an angle of 6° 10 there- 
with, and the latter an angle ef 8° 28’; the difference of 


_ which angles is only 2°.18’. But the truth is that the Earth’s — 


axis, and the axis of Venus’s orbit, will then lie. on different 
fides of the axis of the ecliptic, the former making an angle 
of 6° therewith, and the latter an angle of 83°. ‘Uherefore, 
‘the fum of thefe angles, which is 143° (and not their differ-_ 
<eg80,2 18’), is the inclination of the vifible path of Venus to — 


~ the equator, and parallels of declination. 


apparent 


of the Planets From the Sun. 


apparent femidiameters of the Sun and Venus, 
which is 15’ 134”; and a circle being defcribed 
with the radius Z AM, on a center taking in any 


point within the little circle 4 B reprefenting the © 
Earth’s difc, will meet the right line F.Gin a point _ 


denoting the time at London when Venus fhall 
touch the Sun’s limb internally, as feen from the 
place of the Earth’s furface that anfwers to the 
point affumed in the Earth’s dife. And ifa circle 
be defcribed on the center C, with the radius LM, 
it will meet the right line #'G, in the points F and 


G ; and the {paces FH and GH will be each equal. 


to 14’ 4”, which fpace Venus wili appear to pafs. 


over in 3 hours: 40 minutes of time at London ; 
therefore F will fall in IL hours 15 minutes, and G 
in IX hours 35 minutes in the morning. Whence 
it is manifeft, that if the magnitude of the Earth, 
on account of its immenfe diftance, fhould vanith 
as it were into a point; or, if being deprived of a 
diurnal motion, it fhould always have the Sun ver- 
tical to the fame point C’; the whole duration of 
this eclipfe would be 7 hours 20 minutes, But the 
Earth in that time being whirled through 110 de- 
grees of longitude, with a motion contrary to the 


motion of Venus, and confequently the abovemen- | 


tioned duration being contracted, fuppofe 12 mi- 
nutes, it will come out 7 hours 8 minutes, or 107 
degrees nearly. 7 


Now, Venus will be at HZ, at her leat diftance 


from the Sun’s center, when in the meridian of 
the eaftern mouth of the Ganges, where the altitude 
of the pole is about 22 degrees. The Sun there- 


fore will be equally diftant from the meridian of 


that place, at the moments of the ingrefs and egrefs 
of the planet, viz. 532 degrees; as the points a 
and b {reprefenting that place in the Earth’s difc 
A B) are, in the greater parallel, from the meridian 
B Cg. But the diameter ef of that parallel will be 
to the difiance ab, as the {quare of the radius to 
the rectangle under the fines of 534 and 68 de- 
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erées; that is, as {72 to AB? 13“) | And bya 
cood calculation (which, that I may not tiré the 
reader, it is better toomit) I find that a circle de- 
{cribed on @ as a'center, with the radius L MY, will 
meet the right line F' 77 in the point 47, at IT hours 


20 minutes 40 feconds; but that being defcribed 


round b as a center, it will meet H Gin the point 
N at IX hours 29 minutes 22 feconds, according 
to thé time reckoned at London ; and therefore, 
Venus will be feen entirely within the Sun at the 
banks of the Ganges for 7 hours 8 minutes 42 fe- 


conds: we have then rightly fuppofed that the. 
duration will be 7 hours.8 mimutes, fince the part. 


of a minute here is.of no confequence. 


But adapting the calculation to Port-Nelfon, I 


find, that the Sun being about to fet, Venus will 
enter his dife; and immediately after his rifing flie 
will leave the fame? That place is carried in the 
intermediate time through the hemifphere oppofite 
to the Sun, from c to d, with a motion conipinng 
with the motion of Venus; and therefore, the flay 
of Venus on the ‘Sun will be about 4 minutes 
longer, on account of the parallax; fo that it.will 


be at leaft 7 hours 24 minutes, or'111 degrees of 


the equator. And fince the latitude of the place 
is 56-degrees, as the fquare of the radius is to the 
rectangle contained under the fines 55% and 34 
degrees, fo is°A B, which is 1’ 2”, to cd, which is 


287 39”. And if the calculation be jultly made, - 


it. will appear that a circle defcribed on c¢ as a cen- 


F Hin O, at Il hours 12 minutes 45 feconds ; and 
that fuch a circle defcribed on d as a center, 
will meet HG in P, at TX hours 36 minutes 37 
feconds; and theréfore the duration at Port-Nel/on 
will be 7 hours 23 minutes 52 feconds, which is 
greater than at the mouth of the Gunges by 15 
minutes 10 feconds of time. But if Venus fhould 
pafs over the Sun without having any latitude, the 
difference would be 18 minutes 40 feconds ; and 


bal 


if: 


ee 


ter, with the radius L JZ, will meet the right hne | 


aid as eal 


- a 


of the Planets from the Sun. 


Wf fhe fhould pafs 4% north of the Sun’s center, the 
difference would amount to 21 minutés 40 feconds, © 
and will be ftill greater, if the planet’ $ nor orth lati- 
tude be more increafed. 

From the foregoing hypothefis it Apres that 
at London, when the Sun rifes, Venus will have 
entered his difc; and that, at TX hours 37 minutes 
‘in the morning, ‘fhe will touch the limb of the Sun 
internally at going off; and laftly, that the will not’ 
entirely lente: the Mii till TX hours 56 minutes. 

It hkewife. follows from the fame hy pothefis, 
that the center of Venus fhould juft touch the Sun’s 
northern limb in the year 1769, on the third of 
June, at XL o'clock at night. So that, ‘on account 
of the parallax, it will appear in the northern parts 
of Norway, eutirely within the Sun, which then 
does not fet to thofe parts; while, on the coafts of 
Peru and Chili, it will feem to travel over a {mall 
portion of the dife of the fetting Sun; and over 
that of the rifing Sun at the Molucca Tflands, and 
in their neighbourhocod.—But if the nudes of Ve- 
nus be found to have a retr ograde motion (as there 
is fome reafon to believe from fome later obferva- 
tions they have), then Venus will be feen every 
where within the San’s dife; and will afford a much 
better method for finding ‘the Sun’ s parallax, by 
almoft the greateft difference in the duration of 
thefe eclipfes that can poflibly happen. 

But how this parallax may be deduced from 
obfervations made fomewhere in the Ea Indies, in 
the year 1761, both of the ingrefs and egrefs of 
Venus, and compared with thofe made in its going 
off with us, namely, by applving the angles of a 
triangle given in fpecies to the circumference of 
three. equal circles, thall be Pra a on fome 
gather occafion. — : ; 
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AR TECLIE OTN. tt 


Shewing that the whole method propofed by the Doétor 
cannot be put in practice, and why. — 


27. Inthe above Differtation the Doétor has 


‘explained his method with great modefiy, and even 


with fome doubtfulnefs with regard to its full fuc- 
cefs. For he tells us, that by means of this tranfit, 
the Sun’s parallax may only be determined within 
its five hundredth part, provided it be not lefs than 
122”; that there may be a good obfervation made 
at ‘Port-Nelfan, as well as about the banks of the 
Ganges ; and that Venus does not pafs more than 4 
minutes of a degree below the center of the Sun’s 
difc.—He has taken all proper pains not to raife. 
our expectations too high, and yet, from his. well- 
known. abilities, and character as a great Aftro- 
nomer, it feems mankind in general have laid | 
greater firefs upon his method, than he ever de- 
fired them to do.—Only, as he was convinced it was _ 
thebeft method by which this important problemcan 
ever be folved, he recommended it warmly for that . 
reafon. He had not then made a fufficient number 
of obfervations, by which he could determine, with 
certainty, whether the nodes of Venus’s orbit have 
any motion; or if they have, whether it be back- 
wards or forwards with refpect to the Stars. And 
confequently, having not then made his own tables, 
he was obliged to calculate from the befi that he — 
could find. But thofe tables allow of no motion to ~ 
the nodes of Venus, and alfo reckon her conjunétion — 
with the Sun to be about half an hour too late. 

28. But.more modern obfervations prove, that 
the nodes of Venus’s orbit have a motion back- 
wards, or contrary to the order of ‘the figns, with - 
refpect to the fixed ftars. And this motion is al- 
lowed for in the Doétor’s tables, a great part 
of which were made from. his own obfervations. oe 

And 


of the Planets from the Sun, 


And it appears by thefe tables, that Venus will be 
fo much farther paft her defcending node at the 
time of this tranfit, than fhe was paft her afcending 


node at her tranfit in November 1639 ; that inflead, 
of paffing only tour minutes of a degree below the 
Sun’s center in this, fhe will pafs almoft 10 minutes. 


of a degree below it: on which account, the dine 
of her tranfit will be fo much thortened, as will 
make her pafflage over the Sun’s dife about an 
hour and 20 minutes Jefs than if fhe paffed only 
4 minutes below the Sun’s center at the middle of 
her tranfit. And therefore, her parallax from the 
San. will be fo much diminithed, both at the be- 
ginning and end of her tranfit; and at al! places 
from which the whole of it will be feen, that the 


difference of its durations, as feen from them, and. 


as fuppofed to be feen from the Earth’s center, will 
not amount to 11 minutes of time. . equ 


_ 2g. But this is not all: for although the tranfit 
will begin before the Sun fets to Port-Nel/on, it will 
be quite over before he rifes to that place next 
‘morning, on account of its ending fo much fooner 
than as given by the tables to which the Doctor 
was obliged to truft. So that we are quite de- 
prived of the advantage that otherwife would have 
arifen from obfervations made at Port-Ne//on. 
30. In order to trace this affair through. all its 
intricacies, and to render it as intelligible to the 
reader as I can, there will be an unavoidable ne- 


ceflity of dwelling much longer upon it than I could: 


otherwife with. And as it is impofible to lay 
down truly the parallels of latitude, and the fitua- 
tions of places at particular times, in fuch a fmall 
dife of the Earth as muft be projeéted in fuch a 
fort of diagram as the Doétor has given, {o as to 


-meafure thereby the exaét times of the beginning | 


and ending of the tranfit at any given place, unlets 
the Sun’s dife be made at leaft 30 inches diameter 
in the projeétion, and to which the Doctor did not 


quite truft without making fome calculations ; [ 
| “Shall 
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fhall take a different method, in which the Earth’s 


dife may be made as large as the operator pleafes ; 
but if he makes it only 6 inches in diameter, he 


‘may meafure the quantity of Venus’s parallax from 


the Sun upon it,'both in longitude and latitude, 


‘to the fourth part of-a fecond, for any given time 
-and’place; and then, by an eafy calculation in the 


common rule of three, he may find the. effect of 
the parallax on the duration of the tranfit. In 
this | hall firf fuppofe with the DoGtor, that the 


Sun’s “horizontal ‘parallax is 123”; and confe- 


quently, that Venus’s horizontal parallax from 


the Sun is 91%. And after proje@ing the tranfit, 
fo as to find the total effect of the parallax upon 
its duration, | {hall next {hew how nearly the Sun’s 
real parallax may be found from the obferved in- 
tervals between the times of Venus’s egrefs from 
the Sun, at particuar places of the Earth; which is 
the method now taken both by the Englif and 


French Aftronomers, and is a furer way whereby’ 


to come at the real quantity of the Sun’s parallax, 
than by obferving how much the whole contraction 
of duration of the tranfit is, either at Bencoolen 
Batavia, or Pondicherry. 


ARTO Tek Vy | 
Shewing how to projeédl the tranfit of Venus on the 
Sun's difc, as feen from different places of the 
Earth 5 fo as to find what its vifble duration muft 
be at any given place, according to any afumed 
parallaz of the Sun; and from the obferved inter- 
vals between the times of Venus’s egre/s from the 
Sun at particular places, to jind the Sun’s true 
horizontal parallax. 


gi. The elements for this. projection are as. 
follow : ‘ (iy a bib : ie ds. 
mites I.. 


The true time of conjun@ion of the Sun and — 


Venus; which, as feen from the Earth’s center, 


and 


of the Planets from the Sun. 


and. reckoned according to the equal time at 


London, is on the 6th of Fune 1761, at 46 minutes 
17 feconds after V in the morning, according to 
Dr. Harizy’s tables. 
IJ. 
’ . The geocentric latitude of Venus at that 
time, 9’ 43% fouth. at 
LOS sais 4 
The Sun’s femidiameter, 15% 50”. 
; Vy re : 
“The femidiameter of Venus (from the Dotior’s 
Differtation), 373%. : 
toe is 
The difference of the femidiameters of the Sun 


/ 
and Venus, 15° 124”. 


VI. 


‘Their fum, 16% 273%. 


VIL. 


The vifible angle which the tranfit-line makes 


with the ecliptic 8° 31%; the angular point (or 

defcending node) being 1° 6’ 18” eaftward from 
the Sun, as feen from the Earth; the defcending 
node being in # 14° 20% 37, as feen from the Sun; 
and the Sun in m 15° 35% 55”, as feen from the 
Earth, | 


“VHIL, 


The angle which the Axis of Venus’s vifible 
path ‘makes with the axis of the ecliptic, 8° 31’; 
the fouthern half of that axis being on the left 


hand (or eaftward) of the axis of the ecliptic, - 


aS 
a . 
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as {een from the northern hemifphere of the Earth, 
which would be to the right hand, as feen from 


ea pre: 


The angle which the Earth’s axis makes with 
the axis of the ecliptic, as feen from the 5un, 
6°; the fouthern half of the Earth’s axis lying to 
the right hand of the axis of the ecliptic, in the 
projection ; which would be to the left hand, as 
feen from-the Sun. vhs geo 


} 
Dh 


_- The angle which the Earth’s axis makes with 


the axis of Venus’s vifible path, 14° 31°: viz 


the Sum of N° VIEL. and LX. 


pe 


The true motion of Venus on the Sun, given by | 
the tables as if it were feen from the Earth’s 


center, 4 minutes of a degree in 60. minutes of 


time. 


32. Thefe elements being collected, make a. 
fcale of any convenient length, as that of Fig. 1. 
in Plate XVI. and divide it into 17. equal parts, 
éach of which fhall be taken for a minute of a 
degree; then divide the minute next to the left 
hand into 60 equal parts for feconds, by diagonal 
lines, as inthe figure. ‘The reafon for dividing 
the fcale into 17 parts or minutes 1s, becaufe the 
fam of the femidiameters of the Sun and Venus 


exceeds 16 minutes of a degree: See N’ VI. © 


93. Draw the right line 4CG (Fig. 2.) fora 


fmall part of the ecliptic, and perpendicular to it 


draw the right line Cu'E for the axis of the ecliptic | 
op the fouthern half of the Sun’s difc. | 
394. Take the Sun’s femidiameter, 15 50”, from’ 
the fcale with your compafles; and with that 
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of the Planets from the Sun. 


extent, as a radius, fet one foot in C as.a center, 
and defcribe the femicircle 4EG for the fouthern 
half of the Sun’s dife; becaufe the tranfit 1s on 
that half of the Sun. — Nes 


35. Take the geocentric latitude of Venus, 9% 


43”, from the fcale with your compaffes ; and fet 


that extent from C'to v, on the axis of the ecliptic: 


_and the point v fhall be the place of Venus’s cen- 
ter on the Sun, at the tabular mon:ent of her 


conjunction with the Sun. 


- 26. Draw the right line CBD, making an 
angle of 8°°31’ with the axis of the ecliptic, 
towards the left hand ; and thisline fhall reprefent 
the axis of Venus’s gévcentric vifible path on the 
Sun, - 

- 37. Through the point of the conjunction 9, in 
the axis of the ecliptic, draw the right line gf r for 
the geocentric vifible path of Venus over the Sun’s 
difc, at right angles to C B D, the axis ofher orbit, 
which axis will divide the line of her path into two 
equal parts gz and ¢r. 


38. Take Venus’s horary motion on the Sun, 
4’, from the feale with your compafies ; and with 
that extent make marks-along the tranfit-line 
gtr. The equal fpaces, from mark to mark, 
{hew how much of that line Venus move: through 
in each hour, as feen from the Earth’s center, 
during her continuance on the Sun’s difc. 


39. Divide each of thefe horary {paces, from 
mark to mark, into 60 equal parts for minutes of 
time; and fet the hours to the proper marks in 
fuch a manner, that the true time of conjunction 
of the Sun and Venus, 463 minutes after V in 
the morning, may fall into the point v, where the 
tranfit-line cuts the axis of the ecliptic. So the 
point v fhall denote the place of Venus’s center 
on the Sun, at the inftant of her ecliptical con- 
junGtien with the Sun, and ¢ (in the~axis anes of 
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her orbit) will be the middle of her tranfit; which 
is at 24 minutes after V in the morning as feen 


. from _the Earth’s center, and reckoned by the 


equal time at London. 


40. Take the difference of the femidiameters of 
the Sun and Venus, 14° 124”, in your compafies 
from the fcale; aud with that extent, fetting one 
foot in the Sun’s center C, defcribe the arcs N and 
T with the, other, crofling the tranfit-line in the 

oints £ and /; which are the points on the Sun’s ° 
dife. that are hid by the center of Venus at the 
moments of her two internal contacts with the 


Sun’s limb or edge, at M and N: the former of 


thefe is the moment of Venus’s total ingrefs on 
the Sun, as feen from the Earth's center, which 
is at 28 minutes after I] in the morning, as 
reckoned at Londen; and the latter is the moment 
when her egrefs from the Sun, begins, as feen 


fromthe Earth’s center, which is 2o minutes after 
: be 


VIIL in the morning at London. The interval 
between thefe two contatis is’ 5 hours 52 


* minutes. 


4t. The central ingrefs of Veins on the Sun is 
the moment when lier center is on theSun’s eaftern 
limb at.z, which is at,15 minutes after two inthe 
morning; and her ceatral egrefs from the Sun is ~ 
the moment when her center is. on. the Sun’s 
weftern limb at w.;. which is at. 33 minutes efter 
VII in the morning, as feen from the Earth’s 
center, and reckoned according to the time at 


- London. The interval betwecn thefe times is 6 


hours 18 minutes. 


42.. Lake the fum of the femidiameters of the 
Sun and Venus, 16’ 272”, in your compaties from 


- the feale; and.with that extent, fetting one foot 


in the Sun’s center C, deferibe the arcs 2 and & 


‘with the other, cutting the, tranfit-line. in the 
- points g and 7, which are the points in open {pace 


(clear of the Sun) where the center of ¥ enus is, at 
ek r6 
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the moments of her two external conta%s with 


the Sun’s limb at Sand W; or the moments*of the’ 


beginning and ending of the tranfit as feen from 
the Ea rth’s center ; the’ former of which is at 3 
minutes after il ay the morning at London, 
and the latter at 45 minutes: after VILL The 
interval between thefe moments is 6 hours 42 


minutes. 


43. Take the feinidlametoe of Venus 978%) in 


your compaifes from the fcale; and with that 
extent as a radius, on the points ys til, ryascen- 


ters, defcribe the circles HS, MZ, OF. LNA TS 


for the dife of Venus, at her frit Patan état ‘Ss, onl 


total ingrefs at M, her place on the Sun at the 
middle Er her tranfit, her beginning of egrefs at N, 
and her laft contaét at W. 


- 


44. Thofe who have a mind to projee the 


Earth’s dife on the Sun, round the center Cy and 
to lay down. the parallels of latitude and fitna- 
tions’ of places thereon, Meets to Dr. Hatizy’s 

viibawtidst may draw C f fi for the axis of the Earth, 
di abba to the fouftl hee edge of the Sun at Is 
cand making an angle ECS of 6 with the axis 


of the Ech iptic CE: as he will find it very - 


dificult and uncertain to mark the places on that 
difc, unlefs he makes the Sun’s femidiameter 4C 1 
inches at lealt: otherwife the line Cf is of no ule 
at all in oe -projeciion.—The following nee 
is betie 


4h. tn Pie Quer Pinte RIVE inakedienneune 


of any ebiwertiont length, and divide it into Or. 
equal parts, each of which may be taken for a 1 
fecond. of Venus’s parallax either from of upon 


the Sun (her horizontal parallax from the Sun 


bemg fuppoted to be 31”) ; and taking the whole: 
a leeth A in your compafies,' {et one foot in C 


(Fis, 4 4.) as a-center, and defcribe the circle 
AEB _ for the Karth’s enlightened dife, whofe 
diameter i is 62”, or double the: horizontal parallax 

mere 


479 


~ 480: 


longitude be weit. 


‘The Method of finding the Diftances 


‘of Venus from the Sun. In this dife, draw 4 CB 


for a {mall part of the ecliptic, and at right angles - 


‘tait draw EC D for the axis of the ecliptic. Draw . 


alfo N C'S both for the Earth’s axis and univerfal 
folar meridian, making an angle of 6° with the axis 
of the ecliptic, as feen from the Sun : ICT for 
the axis of Venus’s orbit, making. an angle of 
8° 31’ with EC D, the axis of the ecliptic; and 
lafily, VCO for a {mall part of Venus’s orbit, at. 
right angles to its axis. art ' 


4G. This figure reprefents the Earth’s enlight- 


‘ened difc, as feen from the Sun at the time of the 


tranfit. The parallels of latitude of London, the 


- eaftern mouth of the Ganges, Bencoolen, and the 
ifland of St. Helena, are laid down in it, in the 


fame manner as they would appear to an obferver 
on the Sun, if they were: really drawn in circles 
on the Eartli’s furface (like thofe on a common 
terrefirial globe) and could be vifible at fuch a 
diftance.—The method of delineating thefe paral- 
lels is the fame as already defcribed in the 
XYXth Chapter, for the confiruction of folar 
eclipfes. 
47. The points where the curve-lines (called 
hour-circles) XI N, X N, &c. cut the parallels of 


- Jatitude, or paths of the four places above men-~ 
‘tioned, are the points at which the places them- 


felves would appear in the difc, as feen from the 
San, at thefe hours refpectively. When either. 
place comes to the folar meridian NCS by the 
Earth’s rotation on its axis, it is noon at that 
place; and the difference, in abfolute time, 
between the noon at that place and the noon at 


any other place, is in proportion to the difference / * 
of longitude of thefe two places, reckoning one 
hour for every 15 degrees of longitude, and 4 


minutes for each degree: adding the time if the ~ 
longitude be eaft, but fubtraéting it if the — 
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Of the Planets from the Sun. 

_48. The diftance of either of thefe places from 
ATCT (the axis of Venus’s* orbit) at any hour or 
part of an hour, being meafured upon the feale 
4B in Fig. 3. will be equal to the parallax of 
Venus from the Sun in the direétion of her path ; 
and this parallax, being always contrary to’ the 


pofition of the place, is eaftward as long as the- 
place keeps on the left hand of the axis of the . 


orbit of Venus, as feen from the Sun; and weft- 
ward when the place gets to the right hand of 
that axis. So that, to all the places which are 
pofited in the hemifphere HVT of the difc, at 
any given time, Venus has an eaftern parallax ; 
but when the Earth’s diurnal motion carries the 
fame places into the hemifphere HOJ, the parallax 
_ of Venus is weftward. ua 


49. When Venus has a parallax towards the 
eaft, as feen from any given place on the Earth’s 
furface, either at the time’ of her total ingrefs or 
beginning of egrefs, as feen from the Earth’s 
center; add the time anfwering to this parallax 
to the time of ingrefs or egrefs at the Earth’s 
center, and the fum will be the time, as feen from 
the given place on the Earth’s furface: but when 
the parallax is weftward, fubtraét the time anfwer- 
mg to this parallax from the time of total ingrefs 
or beginning of egrefs, as feen from the Earth’s 
ceuter, and the remainder will be the time, as feen 
from the given place on the furface, fo far as it is 
effected by this parallax.—The reafon of this is 
plain to every one who confiders, that an eaftern 


parallax keeps the planet back, and a weftern 


* In a former edition. of this, I made a miftake, in taking 
the parallax in longitude inftead of the parallax in the diret- 
tion of the orbit of Venusy’and the parallax in latitude inflead 
of the parallax in lines perpendicular to her orbit. But in 
this edition, thefe errors are corrected; which make fome 
fmall differences in the quantities of the. parallaxes, and im 
_ the times depending on them; as will appear by comparing 
-them- in this with thofe in the former edition. 


Li : -parallax 
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! parallax carries it forward, with réfpeé to its true: 
place or pofition, at any inftant of time, as feerr 

from the Earth’s center. | 


50. The neareft diftance of any given place from. 
¥ CO, the plane of Ventis’s orbit at any hour or 
part of an hour, being meafured on the fcale AB 
in Fig. 3. will be equal to Venus’s parallax in lines 
perpendicular to her path; which is northward ~ 
{rom the true line of her path on the Sun, as feer 
from the Earth’s center, if the given place be on 
the fouth fide of the plane of her erbit VCO on 
the Earth’s dife; and the contrary, if the given 
place be on the north fide of that plane; that is, 
the parallax is always contrary to the fituation of 
the place on the Earth’s difc, with refpect to the. 
plane of Venus’s orbit on it. 4 


51. As the line of Vénus’s tranfit is on the 
fouthern hemifphere of the Sun’s difc, it is plain 
that a northern parallax will caufe her to defcribe 
a longer line on the Sun, than fhe. would if fhe 
had no fuch parallax ; anda fouthern parallax will 
éaufe her to defcribe a fhorter ine on the Sun than 
if the had no fuch parallax.—And the longer this 
Hineis, the fooner will her total ingrefs be, and the 
later will be her beginning of egrefs ; and juft the 
contrary, if the line be fhorter.—But to all places — 
fitnated on the north fide of the plane of her orbit, 
in the hemifphere VIZO, the parallax in lines per- 
pendicular to her orbit is fouth; and toall places — 
ficuated on the fouth fide of the plane of her orbit, 
in the hemifphere VIO, ‘this’ parallax is north. 
Theréfore, the line of the tranfit will be fhorter 
to all.placesin the hemifphere V HO, than it. will 
will be, as feen from the Earth’s, center, where 
there is no parallax; and longer to all places in 
the hemifphere V7 O. So thatthe time anfwering 
to this parallax mufl be added to the time of total | 
ingre{s, as feen from the Earth’s center, and tub- 
tracted from the beginning of egrets, as feem from. _ 

nT; thie 
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the Earth’s center, in order to have the true tiie of 
total ingrefs and beginning of egrefs as feen from 


places in the hemifphere V HO: and juft the reverfe- 


for places in the hemifphere VJO.—It was proper 
to mention thefe circumfiances, for the reader’s 
more eafily conceiving the reafon of applying the 
timesan{wering to thefe parallaxesin the{ubfequent 
part of this article: for it is their fum in fome cafes, 
_and their difference in others, which being applied 
to the times of total ingrefs and beginning of 
egrefs as feen from the Earth’s center, that will 
give the times of thefe phenomena as feen from 
given places on the Earth’s furface. _. re 

52. The angle which the Sun’s femidiameter 
fubtends, as feen from the Earth, at all times of the 
year, has been fo well afcertained by late ob- 
fervations, that we can make no doubt of its being 
15° 50% on the day of the tranfit; and Venus’s 
Jatitude has alfo been fo well afcertained at many 
different times of late, that we have very good 
reafon to believe. it will be 9/ 43” fouth of the 


Sun’s center at the .time of her conjunction with 


the Sun.—If then her femidiameter at that time be 
37% (as mentioned by Dr. Hatter) it appears 
by the projection (Lig. 2.) that her total ingrefs on 
the Sun, as feen from the Earth’s center, will be 
at 28 minutes afier two in the morning (§ 40.), 
and her beginning of egrefs from the Sun will be 
20 minutes after VIII, accordiag to the time 
reckoned at London. oN ay 
53. As the total ingrefs will not be vifible at 
Loxdon, we fhall not here trouble the reader about 
_ Venus’s parallax at that time.—But by projecting 
- the fituation of London on the Earth’s dife (Fig. 4.) 
_ for the time when the egrefs begins, we find it will 
then be at /, as feen fromthe Sun.°)  . 
’ Draw /d parrallel to Venus’s orbit VCO, and lu 
| perpendicular to it;-the former is Venus’s eaftern 


parallax in the direétion of her path at the begin- _ 


hing of her egrefs from the Sun, and the latter is 
; NR or 2 “Lia her 
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her fouthern parallax in a direction at right angles 
to her path at the fame time. Take thefe in your — 
compafles, and meafure them on the fcale 4 B 
_ (Fig. 3.)and you will find the former parallax to — 
be 102”, and the latter 213”. ~ ah 
54. As Venus’s true motion on the Sun is at the 
rate of four minutes,of a degree in 60 minutes of 
time (See N° XI. of § 31) fay, as 4 minutes of a 
degree is to 60 minutes of time, fo is 1034” of a 
degree to 2 minutes 41 feconds of time ; which 
being added to VIII hours 20 minutes (becaufe 
this parallax is eaftward, § 49.) gives VII hours | 
22 minutes 41 feconds, for the beginning of egrefs — 
at London, as affected only by this parallax.—But 
as Venus has a fouthern, parallax at that time, her 
beginning of egrefs will be fooner; for this parallax _ 
fhortens the line of her vifible tranfit at London. 
55. Lake the diftance C¢ (Fig. 2.), or neareft ap- 
proach of the centers of the Sun and Venus, in your — 
compafies, and meafure it on the {cale (Fig. 1.), 
and it will be found to be of 363”; and as the pa- — 
rallax of Venus from the Sun in a direction which is 
at: right angles to her path is 214” fouth, add it to 
9f 362”, and the fum will be 9: 58”; which 1s to 
be taken from the feale in Fig. 1. and fet from C 
to Lin Fig.2. And then, if a line be drawn pa- 
rallel to ¢/, in will terminate at the point p in the arc 
T, where Venus’s center will be at the beginning of 
her egrefs, as feen from London*.—But asher center 
qs at 2 when her egrefs begins as feen from the — 
Earth’s center, take Lp in your compailes, and 
fetting that extent from ¢ towards / on the central 
tranfit-line, you will find it te be 5 minutes fhorter 
than ¢/: therefore fubtract 5 minutes from Vill 
hours 22 minutes 41 feconds, and there will 
_ * The reafon why the lineo Lp,aB b,c it, and th, which are 
the yifible tranfits at London, the Ganges mouth, Bencoolen, and 
St. Helena, are not parallel to the central tranfit-line / tl, is, | 
 becaufe the parallaxes in latitude are different at the times of 
ingrefs and egrefs, as feen from each of thefe places. The 
method of drawing thefe lines will be fhewn by-and-bys 
° 2 a. * yemain 
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remain WIIT hours 17 minutes 41 feconds for the 


vifible beginning of egrefs in the morning at 


London. 


56. At V hours 24 minutes (which is the middle 
of the tranfit, as feen from the Earth’s center) 


London will be at ZL on the Earth’s dife (Fig. 4.)- 


as feen from the Sun. The parallax L a of Venus 


from the Sun in the direétion of her path is then 
123” 3 by which, working as above directed, we 


find the middle of the tranfit, as feen from London, 


will be at V. hours 20 minutes 53 feconds.—This 
_ is not affected by L¢ the parallax at right angles to 
the path of Venus.—ButL ¢ meafures 27” on the 
feale 4B(Fig.3.): therefore take 27” from the feale 


in Fig. 1. and fet it from ¢ to L, on the axis of 


Venuy’s path in Fig. 2..and laying a ruler to the 
point Z,and the above-found point of egrefsp, draw 
oL p for the line of the tranfit as feen from London. 
57- The eaftern mouth of the river Ganges is 89 
degrees eaft from the meridian of London; and 
therefore, when the time at London is 28 minutes 
after Il in the morning (§ 40.) it is 24 minutes paft 
VIII in the morning (by § 47.) at the mouth of 
the Ganges ; and when it is 20 minutes paft VIIL 
in the morning at London (§ 40.) it is 16 minutes 
paft II in the afternoon at the Ganges. Therefore, 
by projecting that place upon the Earth’s dife, as 
feen from the Sun it will be at G (in Fig. 4.) at 
the time of Venus’s total ingrefs, as feen from the 
Earth’s center, and at ¢ when her egrefs begins.’ 
Draw Ge and gr parallel to the orbit of Venus 
¥CO, and meafure them on the fcale AB in Fig. 9, 


the former will be 22” for Venus’s eaftern parallax . 


_in the direétion of her path, at the above-mentioned 
_ time of her total ingrefs,and the latter will be 163 
for her weftern parallax at the time when her egrefs 
begins. —The former parallax gives 5 minutes 15 
feconds of time (by the analogy in § 54.) to be 
added to VIII hours 24 minutes, aud the latter pa- 
rallax gives 4 minutes 11 feconds to be fubtraéted 
from If hours 16 minutes; by which we have VIII 

| Lis hours 


o) ’ 
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hours 29 minutes 15 feconds, for the time of total _ 


ingrefs, as feen.from the banks of the Ganges, and 
II hours11 minutes 49 feconds from the beginning 
of egrefs, as affected by thefe parallaxes. 

Draw Gf perpendicular to Venus’s orbit VOC, 


. and by meafurement on the fcale 4 B (Fig. 3.) it 


will be found to contain 10%: take 10% from the 
fcale in Fig. 1. and find, by trials, a point ¢ in the 
arc N, where, if one foot of the compafles be 
placed, the other will juft touch the central tranfit- 
line kl. Take the neareft ditiance from this point 


cto CL, the axis of Venus’s orbit, and applying 


it from ¢ towards /, you will find it fall a minute 
fhort of & ; which fhews, that Venus’s parallax in 
this dire¢tion {hortens the beginning of the line of 


her vifible tranfit at the Ganges by one minute cf | 
time. Therefore, as this makes the vifible ingrefs 


a minute later, add one minute to the above VIII 
hours 29 minutes 15 feconds, and it will give 
VIII hours 30 minutes 15 féconds for the time of 


total ingrefs in the morning, as feen from the | 


eaftern mouth of the Ganges. At the beginning of 


-egrefs, the parallax g pin the fame direétion 


is 213” (by meafurement.on the fcale 4 5); which 


will protraét the beginning of egrefs by about ° 


30 feconds of time, and muft therefore be added 
to the above II hours 11 minutes 49 feconds, 


‘which will make the vifible beginning of egrets 


to be at II hours’ 12 minutes 19 feconds in the 
afternoon, ©. 4 | » et 

. e b § ’ e 

58. Bencoolen is 102 degrees eatt from the meri- 

dian of London; and therefore, when the time ts 


28 minutes paft II in the morning at London, it is — 


16 minutes paft TX in the morning at Bencoolen ; 


and when it is 20 minutes paft VIII in the morn- © 
ing’ at London, it is 8 minutes paft III in the — 
-afternoon at Bencoolen. Therefore, in Fig. 4, . 


Bencoolen will be at B at the time of Venus’s total 
ingrefs, as feen from the Earth’s center ; and at 4 
when her egrefs begins. ° 


gies pe “Draw © 


x 
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Draw Bz and bé parallel to Venus’s orbit VCO, 


and meafure them on the fcale: the former will be 


‘found to be 22” for Venus’s eaftern parallax in the 
_ direction of her path at the time of her total 

ingrefs; and the latter to be 192” for her weftern 
parallax in the fame direétion ,when her egrefs 
begins, as feen from the Earth’s center. The firft 
of the parallaxes gives 5 minutes 30 feconds (by 

the analogy in § 54.) to he added to IX hours 16 
minutes, and the latter parallax gives 4 minutes 52 
feconds to be fubtraéted from Ill hours 8 minutes; 
whence we have IX hours 21 minutes 30 feconds 
for the time of total ingrefs at Bencoolen : and III 
hours and 3 minutes 8 feconds for the time when 


the egrefs begins there, as affected by oe two 
parallaxes. 


59. Draw 6 v and bm perpendicular to Venus’s 
orbit VY C O, and meafure them on the feale AB : 
the former will be 5” for Venus’s northern parallax 
ina direction perpendicular to her path, asfeen from 
Bencoolen, at the time of her total ingrefs; and the 
latter will be 152” for her northern parallax i in that 
direCtion when her egrefs begins. ‘Take thefe 
parallaxes from the fcale, Fig. 1, in your compatfes, 
and find, by trials, two points in the arcs Nand %{' 
(Fig. 2.) where if one foot of the compaffes be 
placed, the other will touch the central tranfit-line 
#1: draw a line from ato, for the line of Venus’s. 
 tranfit as feen from Bencoolen; the center of Venus. 
being at a, as feen from Bencoolen, at the moment 
of her total ingrefs ; and at 6 at the moment when 
her egrets begins. 

‘But as feen from the Earth’ s oultil the center 
of Venus is at £in the former cafe, and at Z in the 
latter: fo that we find the line of the tranfit is 


Jonger as feen from Bencoolen than as feen from the ‘9 


‘Baith’s center, which is the effect of Venus’s 
northern parallax.—Take Ba in your compatles, 
and fetting thatextent backwards from étowards g 
onthe central tranfit- line, you will find it will reagh 
two minutes beyond &: and taking the extent Bb 


pe . | oe 
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in your compaffes, and fetting it forward from é 
towards w, on the central tranfit- line, it will be 
found to reach 3 minutes beyond /. Confequently, 
if we fubtraét 2 minutes from IX hours 21 minutes 
30 feconds (above found), we have IX hours 19 
minutes 30 feconds in the morning, for the time of 
total ingrefs, as feen from Bencvolen: and if we add 
3 minutes to the above-found III hours 2 minutes 
8 feconds, we fhall have III hours 6 minutes 8 
feconds a epnoon, for the time when the egref{s 
begins, as feen from Bencoolen. 


60. The whole duration of the tranfit, from the | 


_ total ingrefs to the beginning of egrefs, as feen from 


the Earth’s center, is 5 hours 52 minutes (by §40.); 


but the whole duration from the total ingrefs to the 


beginning of egrefs, as feen from Bencoolen, is only 
5 hours 46 minutes 38 feconds: which is 5 minutes 
22 feconds lefs than as feen from the Earth’s center : 
and this 5 minutes 22 feconds is the whole effeét 
of the parallaxes (both in longitude and latitude) 
on the duration of the tranfit at Bencoolen. 

But the duration, as feen at the mouth of the 
Ganges, from ingrefs to egrefs, is fiill lefs; for it - 


is only 5 hours 42 minutes 4 feconds; which is g 


minutes 56 feconds lefs than as feen from the 
Earth’s center, and 4 minutes 34 feconds lefs than 
as feen at Bencoolen. 


61. The ifland of St. Telena (to ah only a 


{mall part of the tranfit is vifible at the end) will 


be at. H (as in Fig. 4.) when the egrefs begins as 
feen from the Earth’s center. And fince the mid- 
dle of that ifland is 6° weft from the meridian of 
London, and the faid egrefs begins when the time 
at London is 20 minutes paft VIL in the morning, 
it will then be only 56 minutes paft VII in the 
morning at St. Helena. 

Draw Hn parallax to Venus’s orbit VC O, and 
JT 0 perpendicular to it ; ‘and. by meafuring them 
on the fcale 4 B (Fig. 3.) ) the former will be found 
to amount to 29” for Venus’s eaftern parallax in the 

| | direGtian 
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direction of her path, as feen from St, Helena, when 
her egrefs begins, as feen from the Earth’s center; 
and the latter to be 6” for her northern parallax in 
a direction at right angles to her path. 

By the analogy in § 54, the parallax in the 
direction of the path of Venus gives to minutes 2 
feconds of time; which being adder (on account 
of its being eaftward) to VII hours 56 minutes, gives 
VIII hours 6 minutes 2 feconds for the beginning 
ofegrefs at St. Helena, as affected by this parallax. 
— But 6” of parallax in a perpendicular direétion ta 
her path (applied as in the cafe of Bexcoolen) 
lengthens out the end of the tranfit-line by one 
minute; which being added to V UL hours 6 minutes 
2 feconds, gives VIII hours 7 minutes 2 feconds for 
the beginning of egrefs, as feen from St. Helena. 


° 62. We thall new colleé& the above-mentioned 
times into a {mall table, that they may be feen at 
once, as follows: Jd fignifies morning, 4 afternoon, 


Total ingrefs. | Beg.ofegrefs. | Duration. 

H. M.S, Hi. Ny ect etulVEs 3 

The Earth’s center 1128 0M} VIIl20 0Mj5 52 o% 
London - + ~- Invifible AT} ViIL17 41. a\— — — 

a < TheGangesmouthVIll3015M) Il 12194/5 42. 4 


Bencoolen -- - 1X19 30M| UI 6' 84/5 46 38. 


_St. Helena - - Invifible 17} VIL 7 2M i— — — 


63. The times at the three laft-mentioned places 
are reduced to the meridian of London, by fub- 
tracting 5 hours 56 minutes from the times of 
ingrefs and egrefs at the Ganges ; 6 hours 48 mi- 
nutes from the times at Bencoolen ; and adding 24 


- * This duration as feen from the Earth’s center, is on fup- 
pofition that the femidiameter of Venus would be found equal 
to 373’, on the Sun’s dife as flated by Dry. Halley (fee Art. V. 
- § 31.), to which ail the other durations are accommodated.— 
But, from later obfervations, it is highly probable, that the 
femidiameter of Venus will be found not to exceed 30” on the 
Sun; and if fo, the duration between the two internal con- 
tats, as feen from the Earth’s center, will be 5 hours 58 


mines; and the duration as feen from the above-mentioned. 


places, will be lengthened very nearly in the fam® proportion, 
| . minutes 
\ 
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minutes to the time of beginning” of egrefs at. 


St. Helena: and being thus reduced, AREY are as 
follows: 


Total Ingrefs. Hee of egrefs. 
eas HeM: 8: H. M. 8. 
Times at) Gangesmouth Il 34 15M 

London ene - - II 31 304 


Vill 18 8 M stionsas 
for St. Helena - nvihbleM 


Vil 16 19 M) Dura- 
VIII 31 2M) above. 


tie All this is on fuppofition, that we have the 
true longitudes of the three laft mentioned places, 
that the Sun's horizontal parallax i is 124” that the 
true latitude of Venus is given, and that her femi- | 
diameter will fubtend an Ki iw of 372” on the 


~Sun’s difc. 


As for the longitudes, we maith fuppofe them 
true, until the obfervers afcertair them, which is 
a very important part of their bufinefs ; and with- 


_ ont which they can by no means find the interval 


of abfolute time that elapfeth betweeneither the 
inerefs or eerefs, as feen from any two given places: 

and there is much greater. dependence to be had 
on this elapfe, than upon the whole contraction of 
duration at any given place, as it will undoubtedly 
afford a farer bafis for determining the sun’s 


_. parallax. 


. 65. Lhave good reafon to believe that the lati-. 
tude of Venus, as given in § 31, will be found by 


obfervation to be very near the truth; but thatthe — 
time of conjunction there mentioned will be found... 


Jater than the true time by almoft 5 minutes ; .that 
Venus’s. femidiameter will oectT an angle of no 


more than.20” on the Sun’s diffe; and that the 
middle of her ‘tranfit as feen from the Earth’s center, 
will be at 24 minutes after V in the morning, as 
reckoned by the equal time at London, 


66. Subtraét VIII hours 17 minutes 41 feconds, 
the time when the egrefs begins at London. from 
VII hours 31 minutes 2 feconds, the time reckoned 


at London when the egrets begins at St, Helena, and 


there 


& 
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there will remain 13 minutes 21 feconds (or 8or 
feconds) for their difference or elapfe, in abfolute 
times, between the beginning of egrets, as feenfrom 
thefe two places. | 
Divide 801 feconds by the Sun’s parallax 122”, 
and the quotient will be 64 feconds and a fmall 
_ fraction. So that for each fecond of a degree in 
the Sun’s horizontal parallax (fuppoting it to, be 
122”) there will be a difference or elapfe of 64 
feconds of abfolute time between the beginning of 
‘egrefs as feen from London, and as feen from St, 


Helena; and confequently 32 feconds of time for 


every halffecond of the Sun’s parallax; 16 feconds — 


of time for every fourth part of a fecond of the 
Sun’s parallax ; 8 feconds of time for the eighth 
part of afecond of the Sun’s parallax ; and full 4 
feconds for a fixteenth part of the Sun’s parallax. 
For in fo fmall an angle as that of the Sun’s pa- 
-yallax, the arc is not fenfibly different from either 
its fine or its tangent : and therefore the quantity 
of this paraHax is in direct proportion to the ab- 
folute difference in the time of egrefs arifing from 
it, at different parts of the Earth. 


67. Therefore, when this difference is afcertained 
by good obfervations, made at different places, and 
compared together, the true quantity of the Sun's 

parallax will be very, nearly determined. Foy, 
fince it may be prefumed that the beginning of 
egrefs can be obferved within 2 feconds ofits real 
time, the Sun’s parallax may be then found within 


the 32d part of a fecond of its true quantity ; and — 


confequently, his diflance may be found withia a 
“4ooth part of the whole, provided his parallax be 
“not lefs than 124”; for 32 times 123 1S 400,, _ 

68. But fince Dr.. Hatrey has affured us, 
that he had obferved the two infernal contacts 
of the planet Mercury with the Sun’s edge fo 
exactly as not to err one fecond in the time, we 
may well imagine that the internal contacts of 
Venus with the Sun may be obferved with as 
a ; great 
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great accuracy. So that we may hope to have the 
abfolute interval between the moments of her be- 


-gining of egrefs, as feen from London, and from 


St. Helena, true to a fecond of time’; and if fo, the 
Sun’s parallax may be determined to the 64th part 
of a fecond, provided it be not lefs than 12 3”; 
and coniequently his diftance may be found, within 
its Sooth part; for 64 times 12! is 800: which 
is ftill nearer the truth than Dr. Hatiey expected 


it might be found by obferving the whole duration» 


of the tranfit in the Eaf Indies and at Port Nelfan. 
So that our prefent Aftronomers have judicioufly 
yefolved to improve the Dottor’s method, by taking 


only the interval between the abfolute times of its 


ending at different places. If the Sun’s parallax be 


reater or lefs than 124”, the elapfe or difference _ 
& 2 i 


of abfolute time between the beginning of egrefs 
at London and St. Helena, will be found by ob- 


. fervation to be greater or lefs than 801 feconds 


accordingly. 


69. There will alfo bea great difference between 
the abfolute times of egrefs at St. Helena and the 
northern parts of Rufia, which would make thefe 
places very proper for obfervation. The difference 


between them at Tobol/k in Siberia and at St.Helena - 


will be.11 minutes, according to De L’Istx’s map: 
at Archangel it will be but about 40 feconds lefs 
than at Tobol/k ; and only a minute and a quarter 


lefs at Peterfburgh, even if the Sun’s parallax be no — 


more than 103”. At Wardhus the fame advantage 


would nearly be gained as at Tobol/e; but if the _ 
obfervers could go ftill farther to the eaft, as to 


Fakout/k in Siberia, the advantage would be ftill 
greater: for, as M.De L’Isie very jufily obferves, 
in a memoir prefented to the French King with his 
map of the tranfit, the difference of time between 
Venus’s egrefs from the Sun at Y akout/k and at the 
Cape of Good Hope will be 134 minutes.’ Sas 
70. This method requires that the longitude of 
each place of obfervation be afcertained to the 
13 | greateft 


~ 
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greateft degree of nicety, and that each obferver’s 
clock be exattly regulated to the equal time at his 
place: for without thefe particulars it would -be 
impoffible for the obfervers to reduce the times 
to thofe whicly are reckoned under any given me- 
ridian ; and without reducing the obferved times of 
egrefs at different places to the time at fome given 
place, the abfolute time that elapfeth between the 
egrefs at’ one place and at another could not be 
found. . But the longitudes may be found by 
obferving. the eclipfes of Jupiter’s fatellites; anda 
true meridian,. for regulating the clock, to the 


time at any place, may be had by obferving when | 


any given ftar within 20 or 30 degrees of the pole, 
is ftationary with regard to its azimuth on the eaft 
and weit fides of the pole; the pole itfelf being 


the middle point between thefe two ftationary | 


pofitions of the ftar. And it is not material for the 
obfervers to know exactly either the true angular 
meafure of the Sun’s diameter, or of Venus’s, in 
this cafe ; for whatever their diameters be,-it will 
make no fenfible difference in the obferved interval 
between the fame contact, as feen from different 
places. 


ot, In the geometrical conftruction of tranfits, 
the fcale 4 B (Vig. 3 of Plate XVI.) may be divided 
into any given number of equal parts, anfwering 
to any affumed quantity of Venus’s horizontal 


parallax from the Sun (which is always the differs . 


ence between the horizontal parallax of Venus 
and that of the Sun), provided the whole length 
of the feale be equal, to the femidiameter of the 
Earth’s dife in Fig. 4.—Thus if we fappofe Venus’s 
horizontal parallax from the Sun to be only 26” 
(inftead of 31”) in which cafe the Sun’s horizontal 


parallax mutt be 107.3493, as in § 20, the reft ef 


the projection will aniwer to that fcale: as CD, 
which contains only 26 equal parts, is the fame 


length as A B, which contains 31. And by working 


in all other refpeéts as taught from § 45 to § 62, 
you 
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you will find the times of total ingrefs and begin« 


ning of egrefs; and confequently the dnration of 


the “tranfit at any given place, whtch mutt refult 


from fuch a parallax. 


“2. In projections of this kind, it may be aati) 
conceived, that a right line pafliag continually 
through the center of V enus, and a given point 
of the Earth, and produced to the Sun’s dife, will 
mark the path of Venus on the Sun, as feen from 
the given aed of the Earth: and in this there are 
three cafes. 1. When the given point is the 
- Earth’s center, 4 which there is no parallax, either 
in longitude or latitude. 2. When the given point 


is one of the poles, where there is no parallax of 


longitude ; but a parallax of latitude, whofe 
quantity ig eafily determimed, by - ‘letting fall a 
perpendicular from the pole upon the plane of the 


| Be iptic, and fetting off the paralla x of latitude on 


this perpendicular: - and here the polar tranfit-lines’ 
will be parallel to the central, as the poles have 
no motion ar ing: from the Earth’s diurnal rofation. 


3. The laft cafe is, when the given point of the- 


Earth 1s any point of its furface, whofe latitude 
is lels than go degrees: then there is a parallax 
in latitude proportional to the perpendicular 


let fall upon the abovefaid plane, from the given | 
point; and a parallax in longitude proportional 


to the perpendicular let fall upon the axis of that 
plane, from the faid given point. And the effeét 
of this laft will be to alter the tranfit-line, both im 
pofition and: length; and will. prevent its being 


parallel to. the central tranfit-line, unlefs when its 


axis and the axis of the Earth coincide; as feeur 


fromthe-Sun; which isa thing that FOP Ye: not. hap- - 
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ARTLCLE Vi 
Concerning the map of the tranfit. Plate XVII. 


73. The title of this map, and the lines drawn’ 
«upon it, together with the words annexed to thefe’ 


lines, and the numbers (hours and miuutes) on the 
dotted lines, explain the whole of it fo well, that no 
farther defcription feems requifite. 


74: So far as I can examine the map by a good 
elobe, the black curve lines are in general pretty 
wel my down, for fhewing at vee places the 
tranfit will begin, or end, at fun-rifing or fun‘fet- 
ting, to all tifeie places through which they are 


drawn, according to the Stipes: mentioned in the | 


map. Only I queftion much whether the tranfit 
will begin at fun-rife to any place in, Africa, that 
_ is weft of the Red Seas and am pretty certain that 


the Sun will not be rifen to the northernmoft part. 
of Madaga/car when the tranfit begins, as M. De- 
L'Isxz reckons the firft contact of Venus with the 


Sun to be the beginning of the tranfit, So that 
_the line which fhews the entrance of Venus in the 
Sun’s dife at Sun-rifing, feems to be a little too far 
weft in the map, at all places which are fouth of 
Afia Minor : but in Europe, 1 think it is very well. 


75. In. delineating this map, I had M. De 
L’Istx’s map of the tranfit before me. And the oaly 
difference between bis map and this, is, 1. That in 
his map, the times are computed to the meridian of 
Paris ; inthis they ave reduced to the meridian of 
London. 2. 1 have changed his meridional pro- 
jection into that of the equatoreal ; by which, I 


apprehend that the black carve lines, fhewing at. 


what places the tranfit begins, or ends, with es 
rifing or fetting Sun, appear more natural to the 
eye, and are more fully feen at once, than in the 


map from which I copied; for in, that map the 


lines are interrupted and broke.in the meridian 
that 


ki 
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that divides the hemifpheres; and the places where 
they fhould join cannot be perceived {9 readily by 
thofe whe are not well {killed in the nature of fte- 
reographical projections.—The like may be faid 
of many of the dotted curve lines, on which are 
exprefied the hours and minutes of the beginning 
or ending of the tranfit, which are the abfolute 
times at thefe places through whieh the lines are 
_ drawn, computed to the meridian of London. 


A Ri TebhCoL EK VIl. 
Containing notevady of Mr. Hanzox'sObjaredtion 
— of the Tranfit of Venus over the Sun, in the Year 


1639; as it is publifhed in the Annual Regifter 
for the Year 1761. 


76. When Kepler firft contirudied his (the Ru- 
~ dolphine) Tables upon the obfervations of Tycho, 

he foon became fenfible that the Pianets Mercury 
and Wenus would fometimes pafs over the Sun’s 
dife ; and he predi¢ted two tranfits of Venus, one 
. for the year 1631, and the other for 1761, in a 
tract publithed at Leipfic in 1629, intitled, dd- 
monitio ad Afironomos, &c. Kepler died fome days | 
before the tranfit in 1631, which he had prediéted 
was to have happened. Gafendi looked for it at: 
Paris, but in vain (fee Alercurius in Sole vifus, & 
Fenus invifa). In effeét, the imperfeét ftate of the 
Rudolphine Tables was the caufe that the tranfit. 
was expected in 1631, when none could be ob- 
ferved; and thole very tables did not give reafon 
to expedt one in 1039; when one was vealty 4 
obferved. 

When our illuftrious countryman Mr. Horrox — 
firft applied himfelf to Aftronomy, he computed 
Ephemerides for feveral years, from Lanjbergzus’s 

' ‘Tables. ~ After continuing his labours for fome 
time, he was ¢nabled to difcover the imperfection 
of thefe tables; tpon which he laid afide his work, 

intending 
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intending to determine the potitions of the ftars | 
from dis own obfervatious. Bat that the-former 


. part of his time {pent in catcalating from Lan/- ' 


bergins might not be thrawn away; he made ule of 
his Ephemerides to point out to him the fituations- 
of the planets. Hence he forefaw when their 
conjun¢tions, their appulfes to the fixed Stars, and . 
the moft remarkable Phatnomena in the heavens ' 
would happen; and prepared himfelf with the 
greateft cave to obferve them, | 

Hence he was encouraged to wait for the import-. 
ant obfervation of the tranfit of Venus in the year 
1639; an! no longer thought the former part of his 
time mifpent, fince. his attention to Lanfbergius’s: 
‘Tables had enabled him to difcover that the tranfit 
would certainly happen on. the 24th of November. 
However, as thefe Tables had fo often deceived 
him, he was unwilling to rely on them entirely, 
bat confulted other Tabies, and particularly thofe 
of Kepler ; accordingly in a letter to his friend 
William Crabtree, of Mancheer, dated Hool, O tober 
' 26, 1939, he communicated his difcovery to him, 
and earnefily defired him ta make whatever obfer- 
vation he poiibly could with his telefcope,. parti- 
. cularly to meafuye the diameter of the planet Ve- 
nus; which, according to Kepler, would amount 
to 7 minutes of a degree, and according to Lanf= 
bereius to’ 11 minutes; but which according to 
his own proportion, he expected it would hardly 
exceed one minute. He adds, that according to 
Kepler, the coajunétion will be November 24,1630; 
at § hours 1 minute A.M. at Manchefer, and that 
the planet’s latitude would be 14%.10% fouth; but: 
according to his own corrections, he expeéted it to 


_ happen at 3 hours 57 min. P.Mvat Manchefler, with _ 


Io’ fouthfatitude. But becaufe a {mall alteration 
in Aepler’s numbers would greatly alter the time 
— of coujunction, and the quantity of the planet’s - 
latitude, he advifes to watch the whole day; and 
even on the preceding afternoon, and the monies, 


* * 
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ofthe 25th, though he was entirely of opimon that 
the tranfit would happen on the 24th. | 
After having fully weighed and examined the 
feveral methods of obferving this uncommon phe- 
nomenon, he determined to tranfmit the. Sun’s 
image through a telefcope into a. dark chamber, 
rather thaa through a naked aperture, a method 
greatly commended by Kepler; for the Sun’s image . 
is not ‘given fufficiently large and diftinét: by the 
latter, unlefs at a very great diftance from the aper- 
ture, which the narrownels of his ftuation would 
not allow of: nor would Venus’s diameter be well 
defined, unlefs the aperture were very fmall; 
whereas his telefcope, which rendered the folar 
foots diftincily vifible, would thew him Venus's _ 
diameter. well defined, and enavle him to divide 
the Sun’s limb more accurately. eter 
_ He defcribed « circle on paper which nearly 
equalled fix inches, the narrownefs of the place not 
-allowing a larger fize ; but even this fize admitted 
divifions fufficiently accurate. He divided the cir- 
cumference into 360 degrees, and the diameter 
into 30 equal parts, each of which was fubdivided 
into 4, and the whole therefore into 120. The 
fubdivifion might have flill. been casried: farther, 
but he trufted rather to the accuracy and nicenels 
of his eye. ees 
. When the time of obfervation drew. near, he 
adjufted the apparatus, and caufed the Sun’s dif- ; 
tinct image exatily to fill,the circle on the paper: 
and though he could not expeét the planet to enter 
upon the Sun’s dife before three. o’clock in the 
afternoon of the, 24th, from his own corrected. _ 
- numbers, upon which he chiefly relied ; yet, be- 
-  eaufe the calculations in general from other tables — 
gave the time of conjunction much fooner, and — 
fome even on the 23d, he obferved the Sun from — 
the time of its rifing tomine o’clock ; and again, 
a little before ten; at noon, and at one in the after-_ 
noon,being called in the intervals’ to buiinefs of 
he | a ae : the | 
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the higheft moment, which He could not neglest 
_, Bat inall thefe times he faw nothing on the Saii’s 
face, except one fmall fpot, which he had feen on 


the preceding day; and which alfo he afterw ards 
{aw on fome of the following days. | | 
But at 3 hottrs-15 minutes in the afternoon, 
which was the firft t opportunity ne had of repeating 
his obfervations, the clouds were entirely difperfed 


‘and invited him to feize this favourable occation, 


which feemed to be providentially thrown in his 
way ; for he then beheld the mof agreeable fizht, 


‘a fpot, which had been the object of his moft fan- 
guine wiihes, of an unufual fize, and of a perfeétly 


circular thape: jaft, wholly entered upon the Sun’s 
dife on the left fide; fo that the limbs of the Sun 
and Venus verfeétly ‘coincided j in the very point of 
contact. He was ‘immediately fenfible that this 
fpot was the planet Venus, and applied himfelf 
with the utmoft care to profecute his obfervations, 
‘And, Firf, with regard to. the inclination, he 


. found, by means of a diameter of the circle fet per- 


pendicular to the horizon, the plane of the circle 
being ’fome what reclined on account of the Sun’s 


altitude, that Venus had wholly entered upon the 
_Sun’s difc, at 3 hours 15 minutes, at about 62° 


30 (certainly between 60° and 65°) from the ver- 

tex towards the right hand. (Thefé were the ap- 
pearances within the dark chamber, where the 
Sun’simage and motion of the planet on_it were 


both inverted and reverted ) And this inclination 


continued conftant, at leaft to all fenfe, till he had 


| finifhed the whole of his obfervation. 


_ Secondly, The difiances obferved afterwards be- 


- tween the centers of the Sun and Venus were as 


follow: At 3 how $5 minutes by theelock, the 


- difiance was 14’ 24 ; at 3 hours 35 minutes, the. 


_ diftance was- 13" 30° ; at 3 hours 45 minutes, the 
" diftance was 13’ 0%. The apparent time of fun- 


_fetting was at 3 hours 50 minutes—the true time 
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3 hours 45, minutes,—tefraction keeping: the San 


above the horizon for the {pace of 5 minutes, 
Thirdly, He found V enus'sdiameter, by repeated 


 obfervations, to exceed a thirtieth part of the Sun’s 


diameter, by a fixth, or at moft a fifth fubdivifion, 


>» The diameter therefore of the-Sun to that of | 


Venus may, be exprefied, as 30 to 1.12. It eer- 
certainly did not amount to 1.30, nor yet to 1.20. 

And this was found by obferving Venus as well 
when near the Sun’s limb, as when farther removed. 
from it.’ 

The place where this obfer Pan was made, was 
an obfcure village called Hool, about 15 miles 
northward of Liverpool. The Latitude of Liverpool 
had been often determined by Horrez to be 53° 2.0°; 
and therefore, that of Hool. will be 53°35’. T he 
longitude of both feemed to him to be about 22° 
30" from the Mortunate [lands : that is, 14° 15° to 
the weft of Uraniburg. _ 

Thefe were all the obfervations which the hart. 
nefs of the time allowed him to make upon this 
moft remarkable and uncommon fight; all that 
eould be done, however, in fo fmall a {pace ef time, 
he very aap pily executed ; and fearce any thing — 
farther remained for him to defire. In regard to > 


_ the inclination alone, he could not obtain the ut- 


mott exaétnefs; for it was extremely difficult, from 
the Sun’s rapid motion, to obferve it to,any cer- 
tainty within the degree. And he ingenuoutfly con-_ 
feffes that he neither did, nor could poffibly perform 
it, The reft, are very much to be depended Upon; 
and as exatt as he could with. 


Mr. Crabiree, at. AL Palen whom Mr. Horror 


had defired to.obferve this tranfit, and who in ma- 
thematical knowledge was inferior to few, very” 


readily complied with his friend’s requeft ; but’ 
the fky was very unfavourable to him, and be had. 


only one fight of Venus on the Sun’s dife, which 


was about 3 hours 35 minutes by the clock; the — 
Sun then, ae the firlt time, breaking out from the 
c louds: 
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clouds: at which time he tketched out V enus’s 
fituation upon paper, which 1 orrox found to €oin- 
cide with his own obfervations. | 

Mr, Eorroz, in his treatife on this fubjee, 'pub- 
lithed by Hevelius; and from which almoft the 
whole of this account has been collected, hopes 
for pardon from the aftronomical world, for not 


making his intelligence more public; but his 


difcovery was niade too late. He is defirous how- , 


ever, m'the {pirit of a true philofopher, that other 
aftronomers were happy enough to cbferve it, who 
“inight either confirm or correé his obfervations. 
But fuch confidence was repofed in the tables at 
that time, that it does not appear that this tranfit 
of Venus was obferved by any befides our two in- 
genious countrymen, wlio profecuted thelr aftro- 
nomical ftudies with fuch eagernets and precifion n 
that they muft very foon have brought their fa- 
vourite fcience to a. degree of perfection unknown 
at thofe times. But unfortunate! y Mr. Horrox died 
on the 3d of Fanuary 1640-1, about the age of 
25, jult after he had put the laft hand to his trea- 
tile, intitled Venus in Sole vifa, ia which he fhews 
himfelf to have had a more accurate knowledge 
of the dimenfions of the Solar Syftem than his 
_learned commentator Hevelius.—So far the A mnual 
Regijier. | | ( . 
__ An the year 1691*, Dr. Hantry gave in a paper 
-uponthetranfit of Venus (See Lowthorpe’s Abridge- 


“ment of the Philofophical Trantaétions, page 434.), . 


in which he obferves from the tables then in ufe, 
that Venus returns to a conjuction with the Sun 
an her afcénding node in a period, of 18 years, 
wanting 2 days 10 hours 52% minutes; but that 
in the fecond conjunétion {he will have got 24°41” 
farther to the fouth than in the preceding. That 
atter a period of 235.years 2 hours 10 minutes g 
feconds, the returns to a conjunction more to the 
north by 11’ 33%; and after249 years, wanting 43 
* See the Connoiffance des Temps, for A.D. 1761. 
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minutes in a point more to, the fouth by an 
But if the fecond conjunction is in the year next 
after leap year, it will be a day later. 
The intervals of the conjunctions at the defcend- 
ing node are fomewhat different. The fecond hap- 
pens in a period of 8 years, wanting 2 days 6 hours 
55 minutes, Venus being got more to the north 
by 19% 58”. Afier 235 years 2 days 8 hours 18 ~ 
minutes, the is g’ 21” more foutherly only,if the — 
fifi year is a biflextile, a day muit be added. And’ 
after 243 years o days'1 hour 23  minutes,. the 
conjunction bappens 10° 37% more-to the north ; 
and a day later, if ihe firft year was biffextile. It is 
fuppofed, as in the old fiyle, that all the centurial 
' years are biffextiles. : ‘ia. . 
Hence, Dr. Patizy finds the years in whicha — 
tranfit may happen at the afcending node, in the | 
month of November (old ftyle) to be thefe —9 18, _ 
1161, 1396, 1631, 1639, 18742109, 2117: and — 
the tranfit of the month of May (old ftyle) at the 
deicending node, to be in thefe years—1048, 1283, 
1518, 1520 17015, 1709, 1996, 2004, 
in the firft cafe, Dr Hartry makesthe vifibie . 
inclination of Wenus’s orbit. to be g’ 5%, and her 
hhorary motion on the Sun a’, 7a in dhe batters } 
be finds her vifible inclination to be 8’ 28%, and 
her jorary motion 4’ 0”, Ineither cafe, the ereatett. 
poffivle duration of a tranfit 1s 7 hours 56 minutes. 
~ Dr. Hairey ‘could even then conclude, that if 
the interval of time between the two interior con- — 
ta*ts of Venus with the Sun could be meafured to. 
the exa@tuefs of a fecond, in two places properly — 
fituated, the Sun’s parallax might be determined » 
within its 500th part.—Bat feveral years after, — 
he explained tiis affair more fully, in a paper 
cencerning the tranfic of Venus in the year 1 701.3 
which was publithed in. the Philofophical Traut, 
a¢tious, and of which the third of the preceding | 
articles is a tranflaticn;.the original haying been, 
written in Latin by the Dotter. > : 
: ARTICLE” 
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res ad Oa OW Os DAA 86 
Containing a short account of -fome obfervations of 
the Lranpt of Venus, A.D.1761, Jace 6th, New 
Style ; and the diflances of the Planets from the 
Sun, as deduced from thofe obfervations. 


Early in the morning, when every aftronomer 
was prepared for obferving the tranfit, it unluckily 
happened, that both at. London and the Royal Ob- 
fervatory at Greenwich, the tky was fo overcatt 
with clouds, as to render it doubtful whether any 
part of the tranfit thould be feen:—and it was 38 
minutes 21 feconds paft 7 o’clock (apparent time) 
at Greenwich, when the Rev. Mr. Bli/s, our Aitro- 
nomer Royal, firft faw Venus on the Sun ; at which 
infant, the center of Venus preceded the Sun’s 
center by 6 18”.9 of right afcenfion, and was fouth 
of the Sun’s center by 11% 42”.1, of declination.— 
From that time to the beginning of egrefs. the 
Doctor made feveral obfervations, both of the dift 
ference of right afcenfion and declination of the 
centers of-the Sun and Venus; and at laft found 
the beginning of egrefs, or inftant of the internal 
contact of Venus with the Sun’s linib, to be at 8 
hours 1g minutes o feconds apparent time. —From 
the Doctor’s own obfervations, and thofe which 
- were made at Shrrburn by another gentleman, he 

has computed, that the mean time at Greenwich of 
the ecliptical conjunction of the Sun and Venus 
was at 51 minutes 20 feconds after five o'clock in 
the morning; that the place of the Sun and Venus 
was u (Gemini) 15° 36 33”; and that the geo- 
centric latitude of Vetius was 9% 44” 9 fouth — 
‘Her horary motion from the Sun 3’ 5)%.13 retro- 
grade ;—and the angle thén formed by the axis of 
the equator, and the axis of the ecliptic, was 6° 
‘9 34”, decreafing hourly 1 minute of.a degrce.— 


By the means of three good obfevations, the dia- . 


Ow 


meter of Venus on the Suu was 50°. 
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Mr. Short made his obfervation at Savile Fonft 
in London, 30 feconds in time welt fram Greentwich, 
in: prefence of his Royal Highnefs the Duke of 


‘York, accompanied by ‘their. Royal Highnefies 
: Prince Williom,Prince He enry,and Prince Frederick. 


—He firft faw Venus-on the Sun through flying 
clouds, at 46 minutes 37 feconds after 5 o'clock ; 
‘and at 6 hours 15 minutes 12 feconds he meafured 
the diameter of Venus. 59..8.—Heé afterwards found 
it to be 587.9 when the ‘iky was more fayourable.— 
And, through ; a refleciing telefcope of two feet 
focus, magnifying 1 I 40 | Pas, he found the internal 
contact of Venus with the Sun’s limb to be at. § 


hours 18 minutes 213 feconds, apparent time } 


which,. being reduced to the apparent time at 
Greenwich, was 8 hours i8 minutes 512 feconds ; 
fo that his time ‘of feeing the contaét was 8! 
feconds fooner (in’ abfolute timie) than the inftant 
of its being feen at Greenwich, . 


Mefirs. Ellicott and ‘Dollond obfery ed. the inter- 


nal conta&t at Hackney, and their time of teeing it, 
seduced to the time at Greenwich, was at § Polk 
18 minutes 36 feconds. , which was 4 4 feconds fooner 


1m abfolute time than the cont tack was feen at 


Greenwich. 

* “Mr. Canton, in. A ee V9 onda, AodAd 
welt of Greenzwich (equal to 16 feconds 44 thirds 
of time), meafured theSun’s diameter 317 337 2.4, 
and the diameter of Venus on the Sun 58%; -and 
by. obfervation found the appare pt time of the 
internal. contact of Venus with'the Sun’ S lima b ta 
be at 8 hours 78 minutes 41 feconds; which, by 
reduétion, was only 2% feconds fhort of the time aut 
the Royaly Observatory at Greenwich. 

| The Reverend Mr. Richard Haydon, at Leopard: 
in Cornwall (16 minutes 10 feconds in‘ time weft 
from London, as Rated by Dr. Bevis,) obterved the 
internal - contact’ ‘to beat <a hours oO minutes 20 


| feconds, which by reduétion was 8 hours16 minutes 


30 feconds at G reenwich: fo that he muft have feen 
7 aq ee ee et to Caria tb. aa 
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xt 2 minutes 30 feconds fooner in abfolute time 
than it was feen at Greenwith—a difference by 
much too great - be occafioned by the difference 
of parallaxes, But by a memorandum of Mr. 
_ Haydon’s fome years before, it appears that he then 
iuppofed his wett longitude to he near two minutes 
more; which bri ings “his time to agree within half 
a minute of the time at Greenwich ; to which the 
parallaxes will very nearly anfwer. e104 

At Svockholm Obfervatory, latitude 59° 203 
north and longitude : hour 12 minutes ealt from 
Greenwich, the whole of the tranfit was vifible ; 3 
the total ingrefs 1 was obferved by Mr. IVargentin 
to be at 3 “hours 39 minutes 29 feconds in the 
morning, and the beginning of egrefs at g hours 
30 minutes 8 feconds ; ; fo that the whole duration 
between the two internal contaéts, as feen at that) 
place, was 5 hours 50 minutes 45 feconds. 

‘At Torneo in’ Lapland (1 hour 27 minutes 28 
feconds ealt of Paris) Mr. Hellant, who is efteemed 
a very good obferver, found the total ingrefs to be 
at 4 hours 3 minutes 5y feconds; and the begin- 
ning of egrefs to be g hours 54 minutes 8 feconds. 
—-So that the whole duration between the two 
internal conta cis was 5 hours 50 minutes g 
feconis. 

_At Hernofand in Sweden (latitude 60° 387 north, 
and be canine 1 hour 2 minutes 12 feconds eaft of 
Paris), Mr. Gifler obferved the total ingrefs to be 
at''3 hours 38 minutes 26 feconds ; and the begin- 
ning of egrets to be at g hours 29 minutes | 21 
feconds,— The duration between thefe two internal 
cont afts 5 hours 50 minuées 56 feconds. | 

Mr. De La Lande, at Paris, obferved the 
beginning of egrefs to be at 3 hours 28 minutes 26 
- feconds apparent time—But Mr. Ferner (who was 
then at Confans, 143” weft of the Royal Obferva- 
tory at Paris) obferved the beginning of egrefs to 
be at 8 hours 28 minutes 29 feconds true time. 

The skiers or ditierence between the true and 
a a sa 
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apparent time, was 1 minute 54 feconds.—The - 
total ingrefs, being before the Sun rote, could not — 


be feen. ~ 
_ At Tobolfhi it weiter Mr: Ghilnpe obidtved the 


total ingrefs to be at 7 hours o minutes 28 feconds , 


in the morning, and the beginning of egrefs to be 
at 49 minutes 2Ot feconds after 12 at noon —So 
that the whole duration of the tranfit between the 
internal contacts was 5 hours 48 minutes 523 fe- 
conds. as feen at that place; which was 2 minutes 
3: feconds lefs than as feen at /Ternefand.in Sweden. 
At Madras, the Reverend Mr. Hirft obferved 
the total ingrefs to be at 7 hours 47 minutes 55 
feconds apparent time in the morning ; and the 
beginning ofegrefsat 1 hour 39 minutes 33 feconds 
pati noon. The dtiration between thefe two internal 
¢ontacs was 5 hours 51 nrinntes 49 feconds. 
Profeffor Afathenct at Bologna obferved the 


beginning of-egrels to beat g hours 4 minutes ° 


£8 feeonds. 
At Calcutta (latitude 22° ied north, nearly g2° 


eaft longitude from London) Mr Wiltiam Magee 


obferved the total ingrefs to be. at 8 hours 20 
minutes 58 feconds in the morning, and the begins 
ning of egrets: tanbetiatz -howrsi!14 minutes 94 


feconds.in the afternoon. . Fhe duration between. 


the two internal contacts 5 hours 50 minutes 36 
feconds.., 


At the Cape of Good Hope (1 hour 12 nitineck: 


en feconds eaft from Greenwich) Mr. Majon ob- 
ferved the beginning of egrefs to be at 9 hours 99 
minutes 50 feconds in the morning 

Ail thele times are collected from the obfervers’ 
accounts, printed in the Philefophical Tranfactions 


for the year 1762 and 1763, ia which there, are. 


feveral other accounts thatd have net tranferibed. 


— The infants of Venus’s total exit from the ‘Sun : | 


aré likewife montioned ; but they are here left out, 
asnot of any ufe for Gnding the Sen’s parallax. 


Whoever compares: thefe times vf the internal © 


fapwegy4 . contacts, 


Se 
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contads, as given in by differentobf-rvers, will find 
“fuch difference among them, even thofe wobich iwere 
taken upon the fame fpot, as will thew, that the 
inftant of either contact could not be fo accurately 
perceived by the obfervers as Dr, Hatipy thought 
it could; which probably arifes from the difference 
of people’s eyes, and the different magnifying 
powers of thofe telefcopes through which the con- 
tacts were feen.—lIf all the oblervers had made 
ule.of equal magnifying powers, there can be no 


dout but that the-times would have more nearly. | 


coincided; fince it is plain, that fuppofing all their 
eyes to be equaliy quick and good, they whofe 
telefcopes magnified moit, would perceive the 
point of internal contact fooneit, and of the total 
exit latett. 

Mr. Short has taken an incredible deal of pains 
in deducing the quantity of the Sun’s parallax, 
from the bet of thofe obférvations which were 
made both in Britain and abroad: and finds it to 
have been 87.52 on the day of the tranfit, when 
. the Sun was very nearly at his greateft diltance 
from the Karth; and confequently 87.65 when the 
Sun is at his mean diftance from the Earth.—And 
‘indeed, it would be very well worth every curious 
perfon’s while, .to purehafe the fecond part of 
Volume LIT. of the Philofoplical ‘Tranfaciions for 
the year 1763; even ifit contained nothing move 
than Mr. Short’s paper on that fubject. 

The log. fine (or tangent) of 8” 65 is 5.62191 40, 
which being fubtraéted fromthe radius 10 oo00000, 
leaves remaining the logarithm 4.3780860, yalaike 
number is 99882. 843 swhich is. sthe. nerdeer of 
femidiameters of the Farth that the Sun is diftant 
from it.— And this loft number, 23582.04, being 
multipled by 3985, the number oi Enelifh miles 
contained in the Jvarth’s temidiameter, gives 
955173>-27 miles for the Earth's mean diftauce 
trom the Sun —But becaufe it is impoflible, from 
the niceft obfervations of the Sun’s parallax, se be 
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fure of its true diftance from the Earth wthin 100 


—hiles, we flrall at prefent, for the fake of round 


numbers, fiate the Karth’s mean diftance from the 
Sun at 95,173,000 English miles, | te 
And then, from the numbers and analogies in 


+ § rr and 14,0f this Differtation, we find the mean 


difiances of all the reft of the planets from the 
Sen in miles to be as follows:—Mercury’s dif- 
tance, 36,841,468; Venus’s diftanée, 68,891,486 
Mars’s diftance, 145,014,148; Jupiter’s diftance, 
‘494,990,976; and Saturn’sdifiance, 907,956,130. - 

So that by comparing thefe diftances with thofe 
in the Tables at the end of the chapter on the 


Solar Syfiem *, it will be found that the dimenfions 


ef .the Syftem are much greater than’ what was 
formerly imagined: and confequently, that the Sun 


and the planets (exept the Earth) are much larger 


than as flated in that table. 


‘ Neer 
The femidiameter of the Earth’s annual orbit’ 


bring equal to the Earth's mean diftance from the 
Sun, viz. 95,173,000 miles, the whole diameter 
Is 190,346,000 miles. And fince the diameter of 
a circle is to its circumference as. 1 to 3-:14159 the 
circumference of the Earth’s orbit is'597,989,090 


“miles, , 
_ And, as'the Earth defcribes this orbit in 965 days 


6 hours (or in 8766 hours), itis plain that it travels 
at the rate of 68,217 miles every hour, and confe- 
quently 11,969 miles every minute; fo that its 
velocity in its orbit is at leaft 142 times as great as 
the velocity of a cannon-ball, fuppofing the ball to 
move through 8 miles im a minute, which it is found 
todo very nearly :—and at this rate it would take 
22 years 228days for a cannon-ball to go from the 


Earth to the Sun. 


_» On the 9d of Fune, in the year 1769, Venus 


will Again pafs over the Sun’s dife, in fuch a man- 


ner, as to afford a much eafier and better method’ 
of inveltigating the Sun’s parallax than her tranfit 
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in the year 1761 has done.—But no partof Brita: 
wil be proper for oberving that traafit, fo as to 


deduce any thing with refpeét to. the Sun’s paral- 
lax from it, becaufe it will begin. but a littke before 
fun-fet, and will be quite over before 2 o'clock 
bext morning,— The apparent time of conjunction 
of the Sun and Venus, aecordiug.to Dr. Hanrey’s 
‘Fables, will be at 13 minutes paft 10 o'clock at 
night at London; at which time the geocentric 
latitude of Venus will be full ro minutes of a de- 
gree north from the Sun’s center and therefore, 
as feen from the northern parts of the Earth, 
Venus will be confiderably depreffed by a parallax 
of latitude on the San’s difes oa which account, 
the vifible duration of the tranfit will be length. 
ened: and in the fouthern parts of the Earth the 


will be elevated by a parallax of latitude on theSun, 
whieh will fhorten the vifible duration of thetranfit, 


with refpect to its duration as fuppofed to be feen 
from the Earth’s center; to both which affections 
of duration the parallaxes of longitude will alfo 


confpire.—So that every advantage which Dr, 


Hartry expected from the late tranfit will be 
found in this, without the leaft difficulty or embar- 
rafiment.—It is therefore to be hoped, that 


neither coft nor labour will be {pared in’ duly 


obferving this tranfit; efpecially as there will not 
be fuch another oppotunity again in lefs than 105 
years afterwards, . , 

The mott proper places for obferving the tranftt, 
in the year 1769, isin the northern parts of Lap- 
land and the Solomon I/les in the great South-Sea ; 
at the former of which, the. vifible duration be- 
tween the two internal contaéts will beat leail 22 
minutes greater than at the latter,even though the 
Sun’s parallax fhould not be quite 9’——I it be 
9” (which is the quantity I had aflumed in a deli- 
neation of this tranfit, which I gave in to the 
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Royal Society before I had heard what Mr. Shar¢ 
had made it from the obfervations on the late 
tranfit), the difference of the vifible durations, as 
feen in Lapland and in the Solomon Ifles, will be as 
expreffed in that delineation; and if the Sun’s 


airs — 


‘parallax be Tefs than 9% (as I now have very, good 


reafon to believe it is), the difference of durations 
will be lefs accordingly *. ’ 


* From the comparifon of a great number of obfervations of 
the tranfits of Venus, made in differént parts of the Earth, 
in the years 1761 and 1769by M. Dionis du Syour, he deduced 
the mean horizontal parallax of the Sun to be 87.8128, See 
Traité Analytique des Mowvements Apparens des Corps Ceélefies. 
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A, ; 
ACCELERATION ofthe Starsygar. c 
Angle, what, 185, : ~ wie 


Annual Parallax of aig Rian 196. 
Anomaly, what, 239. 
Ancients, their fuperttitious notions of Eclipfes, 329. 
Their method of dividing the Zodiac, 361% 
_ Antipodes, Ww ha, 122. , 
Anfides, line of, 238. | : | 
ARcHIMEDEs, his ideal prodteni for moving the Earth, 156. 
Areas, defcribed by the Planets, proportional to the times, 
153. 
Afironomy, the great advantages arifing from it both in our 
religious and civil concerns, 1. 
Difcovers the laws by which the Pianets move, and are 
retained in their Orbits, 2. 
Atmofphere, the higher thethinner. 174, 
Its prodigious expantion, ibid. 
Its whole weight on the arth, 1975. 
Generally thought to be heavieft when it is lighteft, 176. 
Without it, the Heavens would appear dark in the day« 
time,” ‘177. , 
 Isthe caule of Twilight, ibid. 
Its height, ibid 
Refraéts the Sun’s rays, 178. 
Caufeth the Sun and Moon to appear abu ye the Horizon, 
when they are really below it, ced. 
Foggy, deceives us, in the bulk aud diftance of objects, 
186. 
Attraétiva, 105—107. 
Decreates as the {quare of the diftance increafes, 106. 
Greater in the larger than in the fmalier Planets, 153. 
“Greater in the Sun, than in ail the Planets ifput together, 
ibid. 
Axes 


“Bie | tNDEX. 


= 


Aves iy the Proved what, 19. 
Their different pofitions with wee, to one another, 120. 


Aves of the Earth, its Parallelifm, 202. 
Tts pofition variable as feen from the Sun or Moon, 338. 
the Phenomena thence.arifing, 346, 


gt ’ 
Bet: 


Bodies, on the Earth, lofe of their w eight the nearer they are 
to the Equator, 117. 
How they mrght lofe all their weight, 118. 
Flow they econ vifible, 167. 


C. 
Coteiitaior (an Infirument) deferibed, 399- 
Calendar, how to inferibe the Golden Numbers right in it 
for thewing the days of New Moons, 386. 
Cannon-Ball, its fwiftnefs, 8q- 
In what times it would fly. from the Sun to the different 


Planets and fixed Stars, ibid. 
mes hisaccount of a double Star cclipfed by the Moon, 


His Bien of the Paths of the Planets, 138. 
Catalogue of the Echples, 327- 
“OF the Conftellations and Stars, 362. 
Of remarkable Airas and Eveuts, 396. 
Celeftial Globe improved, 401. 
Centripetul and centrifugal forces, how they alternately OV er- 
come each other in the motionsof the Planets, 152—1 54. 
Ceres Ferdenandes, whén difcovered, the elements of its orbit, 
&c. — 84,7 : ’ aot} 
Changes in the Heavens, 366. 
Circles, of perpetual Apparition and Occultation, 128. 
Of the Sphere, 198. 


Centain 360 Degrees whether they be great or fmall, 207-_ 


Civil Year, what; 374- 
Nahin ’(CunistoPHER) his fory concerning an ‘Eclipte, 


Clocks ee Watches, an eafy method of inipwing whetlier 


they go true or falfe, 223. 
Why they feldom agree with the Sun if boc 8° trie, 
228> “Whs. 


af 


Clocks and Watches, how, to regulate mete aes Equation Ta- 


blesand a Meridian Line, ‘ 395, 226. 
Cloudy Stars, 365, | 
Cometarium (an Futian defcribed, 400. ° 

Conftellations, ancient,-their number, 359. 


The number of Stars ‘in. each, venga to different Atito= 


nomers, 362. 


Cycle, Solar, ‘Lunar, and Romith, , 3830 
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Darknefe’ 
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Darknefs at our Saviour’s crucifixion fupernatural, 359-995 
Day, natural and artificial, what, 380. 
And Light, always equally long at the Equator, 126. | 
Natural, not completed in an absolute turn of the Earth on its” 
Axis, 222. | 
Degree, what, 207. 
Digit, what, 335, 2. OR Sh AP Lacie 
Direétion (Number of), 389, ° : . 
Difiances of the Planets from the Sun, an idea of them, 89. 
.A Table. of them, 98. | 
How found, igo; and in the Differtation on the Tranft of 
Venus, Chap. XXIII, 
Diurnal and annual Motions of the Earth, illwtrated, 200, 
202. ; 
Dominical Letter,390. : 
Double projectile force, a balance to a Quadruple power of 
Gravity, 153. - 
Double Star covered by the Moon, 58. 


| 


E. 


arth, its bulk but a point as feen ftom the, Sun, 3. | 
Its Diameter, annual period, and diftance from the 
Sun, 47. ee Siti 
Turns round its ‘Axis, zbid. 
‘Velocity of its equatoreal Parts, zbid. 
Velocity in its annual Orbit, 267d. 
"Inclination of its Axis, 48. | pe: 
Proof of its being globular, or nearly fo, 49, 314. , 
_ Meafurement ofits furface, so. , 
Difference between its equatoreal and polar diameters, "6. 
Its motion round the Sun demonftrated by gravity, 108; 
111, by Dr. Brabiey’s obfervations, 113, by the Eclip- 
fes of Jupiter’s Satellites, 219. Lane 
Its diurnal motion highly probable from the abfurdity 
that mutt follow upon fuppofing itnot to move, 111,122: 
and demonftrable from. its figure,116. this motion, can- 
notbe felt, 1192. - 
-. Objections againft its motion anfwered, 122, 191. 
_dt has no fach thing as an upper or an under fide, 129) 
in what cafe it might, 199. : 
. The fwiftnefs of its motion in its Orbit compared. with the 
velocity of light,.197. 
Its diurnal and annual motions illufrated by an eafy expe- 
riment, 200, | ‘ ; 
_. Proved to be lefs than the Sun, and bigger than the Moon, 
| 315. ‘ ; 
_~. Eatter Cycle, 388. 
Eclipfareon (an Inftrument) defcribed, 405. 
HTS TO: Es 3% ) Eslinfes 
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Kelip/és of Jupiter’s Satellites, how the longitude is found by 
“them, 212. they demonfirate the velocity of light, 216. 
Of the Sunand Moon, 313-350. -” 2 su 
Why they happen not in every month, 316. Tr ‘ 
Vhen they mutt be, 317- 9 aval 
Their Limits, ibid. 
Their Period, 320. 
A Difertation on their Progrefs, ibzds 
* larger Catalogue of them, 327. 
Hiftorical ones, 328. 
More of the Sun than of the Moon, and why, 331. 


The proper Elements for their calculation. and projection, 


2 2 ‘ he 
Feliptic, its figns, their names and charaéters, g1.. a 
Makés different Angles with the Horizon every hour and 
minute, 275. how thefe Angles may be eftimated by the > 
ofition of the Moon’s horns, 260. 


“Its obliquity to the Equator leis now than it, was formerly, 


O6 B 
3 x 

Elongations, of the Planets, are feen by an obferver at reft on 
the outhde of alltheir Orbits, 133. 


Of Mercury and Venus, as feen from the Earth, illuftrated, 
442. its quantity, 143. ee , 
OF Mercury, Venus, the Earth, Mars, and J upiter 5 
their quantities, as feen from Saturn, 147. . 
Equation of time, 224——245. ‘ . 
. Equator, day and night always equal there, 126... ' 
Makes always the fame Angle with the Horizon ofthe fame ~ 
place ; the Ecliptie not, 274, 275. ap guters: * 
~ Equinoétial Points in thie Heavens, their preceflion, 246.a 
very different thing from the receffion or anticipation of | | 
the Equinoxes on the Earth, the one no ways occafioned 
by the other, 249. ae. ' ? ' 
Feras or Epochs, 396. © ) 
Excentricities of the Planets’ Orbits, 155. 


‘ 


* 


F. 
Fallacies in judging of the bulk of objects by their apparent. 
 diftance, 185. applied to the folution of the Horizontal 
Moon, 187. : 

Firft Meridian, what, 207- be 

Fixed Stars, why they appear of lefs magnitude when view- 
* ed through a telefcope than by the bare eye, 354. 

Their number, 355- ‘ si ai 
Their divifion into different Claffes and Conftellations, 358, 
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General Phenomena of a fuperior Planet asfeen from an in- 
ferior, 149. (ike | 


om] 


ae s “<, 


Georgium 


Il“ NY De Ee XT Sus 
Georgium Sidus, its diftance, diameter, magnitude, annual 
revolution, 84, 1%. 

Not readily diftinguifhed from a fixed nee 27d, 

Inclination of itsorbit, ibid. 

Place of its Nodes, zbzd. 

Its Satellites, their diftance, periods, and remarkable po- 
fition of their Orbits, ibid. 

Gravity, demonfirable, 101—104. 

Keeps all bodies on the Earth to its furface, or brings 
them back when thrown upward; and conttitutes their 
weight, 101, 122. 

Retains all the Planets in their Orbits, 103. 

Decreafes as the {quare of the diftance increafes, 106. 

Proves the Earth’s annual motion, 108. 

Demonftrated to be greater in the larger Planets than in 
the finaller; and ftronger in the Sun than in all the Pla- 
nets together, 158. 

Hard to underfiand what it is, 160. 

Acts every moment, 162 

Globe (Celettial), improved, 401. 


He 


Harmony of the celeftial motion’, 111. 
Harvefi-Moon, 273—293- 
None at the Equator, 273. 
Remarkable at the Polar Circles, 285. 
In what years moft and leaft advantageous, 292. 
Heat, decreafes as the fquare of the diftance from the Sun 


increafes, 169. 
Why not greateft when the Earth is nearett the ‘Sun, 


20 
Why greater about three o’clock in the afternoon than 
when the Sun is onthe Meridian, goo. 

Heavens, feem to turn round with different velocities as feen 
from the different Planets; and on different Axes as feen 
from moft of them, 120. 

Only one [emifphere of them feen at once from any one 
Planet’s furface, 125, 
'.Changes in them, 366. 

Horizon; what, 125, n 

Horizontal Moon explained, 187. 

Horizontal Parallax, of the Moon, 1905 of the Sun, 1913 


beft obferved at the Equator, 193. 


Hour Cireles, what, 208.° 
- Hour of time equal to 15 degrees of motion, 7 iias 
How divided by the Jews, Chaldeans, and hee taitien, 382. 


Huycentivs, his thoughts concerning the diftance of fome 
Stars, 51. 


Inelination 


i) 


Me ge 


J. 
Inclination of Venus’s Axis, 29. 
Of the Earth’s, 48. | 
Of the Axisor Orbit of a Planet only relative, 201. 
Inhabitants of the Earth (or any other Planet) ftand on oppo- 
fte fides with their feet towards one,another, yet each 
thinks himfelf on the upper fide, 122. 
Fulian Period, 393- | | 
Funo, when difcovered, Elements of its Orbit, 84, 1 
Fupiter, its diftance, diameter, diurnal and. annual-revolu- 
tions, 67—69- eect tani 
The Phenomena of its belts, 70. | 
Pas no difference of feafons, 71. sal : 
Has four Moons, 72. their grand Period, 73. the Angles 
which their Orbits fubtend,. as feen from the Earth, 74. 
moft of them are eclipfed in every revolution, 75... | 
The great difference between its equatoreal and polar dia- 
meters, 76. ) 
The Inclination of its Orbit, and place of its Afcending 
Node, 77. id 
The Sun’s light 3000 times as ftrong on it as Full Moon 
light is on the Earth, 85. 
Is probably inhabited, 86.> : 
‘The amazing ftrength required to put it in motion, 158. 
The figures of the Paths defcribed by its Satellites, 269. 


rE 


Light, the inconceivable fmallnefs of its particles, 165, 
and the great mifchief they would do ifthey were larger ; 
166. 
Its furprifing velocity, 166. compared with the fwiftnels 
ofthe Earth’sannual motion, 197. | 


Decreafes as the fquare of the diftance from the luminous _ 


beady increafes, 169. | eal 
Is refracted in pafling through different Mediums,» 171— 


this explained by a figure, 217. not: 
Limits of Eclipfes, 317. . 


Line, ofthe Nodes, what, 317 ; has a retrograde motion, 319. 


| 
. 
: 


173+ | Fi 
Affords a proof of the Earth’s Annual motion, 197, 219. | 
In what time it comes from the San to the Earth, 21€; 


Lone (Rev. Dr.), his method of comparing the quantity of | 


the furface of dry Land with that of the Sea, 51. 
Lone, his glafs fphere, 126. i 
Longitude, how found, 207—213. 
Lacid Spots inthe Heavens, 364. 
Lunar Cycle deficient, 385. 


a 


Magellanie 


ie Ny Dy? Ex OR. ee 
Magellanic Clouds, 365. 
Man, of a middle fize, how much  prefled by the weight of 


the Atmofphere, 175; why this preflure is not felt, 
abid. Keck, 

Mars, its Diameter, Period, Diftance, and other Phenomena 
64—67. ; 


Matter, its properties, 99. 
| Mean Anomaly, what, 230. 
Mercury, its Diameter, Period, Diftance, §c. 22. 

Appears in all the thapes of the Moon, 29. 

When it willbe feen on the Sun, 24. . 

_ The Inclination of its Orbit and Place of its Afcending 
Node, zbid: 

. Its Path delineated, 138. | 
Experiment to thew its Phafes, and apparent Motion, 142. 
Mercury (Quickfilver) in the Barometer, why not affected by 

- the Moons raifing Tides in the Air, 311. 

Meridian, firtt, 207. 
_ Line, how to draw one, 225. 
Milky Way, what, 363. 
Months, Jewifh, Arabian, Egyptian, and Grecian, 378. 
Moon, her Diameter and Period, 52. 
Her Phafes, 53, 255. 
Shines not by herown light, 54. 
. Has no difference of feafons, 55. 

The Earth is a Moon to her, 56. 

Has noAtmofphere of any vifible;Denfity, 58; nor Seas, 59. 

How her inhabitants may be fuppofed to meature their year, 

: OMe iis / 
_ Her light compared with day-light, 85. | 

The eccentricity of her Orbit, 98. , 

Is nearer the Harth now than the was formerly, 163. 

Appears bigger in the Horizon than at any confiderable 
height above it, and why, 187; yet is feen much under 
the fame Angle in both cafes, 188. 

Her furface mountainous, 252: if fmooth fhe could give 
us no light, zb:d. ape 

Why no hills appear round her edge, 253. 

Has no Twilight, 254. | mit te 

Appears not always quite round when full, 256. 

Her Phafes agreeably reprefented. by a. globular Stone 
viewed in Sunfhine when the is above the Horizon, and 
the obferver placed as if he faw her on the top of th 
Stone, 258. 

' Turns round her Axis, 262, 

The length of her Solar and Sidereal day, 2bzd. : 

Her periodical and fynodical revolution reprefented by 
the motions of the hour and minute hands of a Watch, 
264. 


Moon, 


51S | Saas at eas ibd 8 
Moon, her path delineated, and fhewn to be always conenve te 
the Sun, 265—268. . +e 
Her. motion altertiately retarded and accelerated, 267. 
Her gravity towards the Sun greater than towards the 
Earth at her Conjunétion, and why fhe does not then 
— abandon the Earth on that account, 268. <1 
Rifes nearer the time of Sun:fet when about the full in 
harvett for a whole week than when fhe is about the full 
at any other time of the year, and why, 273-284: this 
rifing goes through a courfe of increafing and decreafing 
. benefit to the farmers every 19 years, 292. t 
Centinues above the Horizon of the Poles for fourtee 
_ our natural days together, 294. . 
“Proved ta be globular, 314; and to be lefs than the Earth, 


n of 


QI5.. ; f 
Her Nodes, 317; afcending and defcending, 318; their 
retrograde motion, 319. 
Her acceleration proved from ancient Eclipfes, 322, ” 
Her Apogee and Perigee, 336. : 
Not invifble when fhe is totally eclipfed, and why, 346. 
How to calculate her Coniunctions, Oppofitions, and 
Eeliptes, 95340 5°. 
Hovw to find her age in any Lunation by the Golden Num- 
ber, 403. * 
Morning and Evening Star, what, 145. 
Motion, naturally rectiltneal, 100. 
Apparent, of the Planets as feen by a fpectator at reft on 
the outfide of all their Orbits, 133; and of the Heavens 
as feen from any Planet, 134. | 


: N. . 
Neiwral Day, not completed in the time that the Earth turns 
_ round its Axis, 222. . . 
New aud Full Moon, to calculate the titnes of, 353. — 
New Stars, 366; cannot be Comets, 367. | 
New Stylc, its original, 377- b L . 
Nodes of the Planets Orbits, their places in the Ecliptic, 2c. 
Ofthe Moon’s Orbit, 317 ; their retrograde motion, 319. 
Nonagefimal Degree, what, 259. 
Number of Direétion, 389. 


» 


0. ‘ 

Olje@s, we often mifiake their bulk by miftaking their diftance, 
185. ehh 

Appear bigger when feen through a fog than through 

clear air, and why, 186; this apphed to the -folution of 
the horizontal Moon, 187. Bhan? 3 ; 

Oblique Sphere, what, 131. 

Olympiads, what, 323, n. . 

Orbits of the Planets not folid, 21. 

Orreries defcribed, 397, 398; 399- iy: a 

. . Pallas 
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; Ps . 
- Pallas difcovered by Dr. Olbers, the elements ef its orbit, 
84, n. <f | | 
Parallax, horizontal, nihes 190. 
Parallel Sphere, what, 131. 
| Path of the Moon, 265-267. 
Of Jupiter’s Moons, 269, 
Pendulums, their vibrating flower at. the Fanarer than near 
the Poles proves that the Earth turns oa its. Axis, 
Fpl Je 
Penumbra, what, 336. 
Its velocity on the Earth in Solar Eclipfes, 337: 
Period of Eclipfes, 340, 326. _ . 
Phafes of the Moon, 255. . if 
Planets, much of the fame nature ith the Earth, 11. 
_ “Some have Moons belonging to them,, 12. 
Move all the fame way as feen from the Sun, but not as 
feen from one another, 18. 
Their Moons denote them to be inhahited, 86. 
The proportional breadth of the Sun’s dife, as feen froma 
each of them, 87. 
Their proportional bulks as feen from the Sun, 88. 
An idea of their diftances from the Sun, 89. 
Appear bigger and lefs by turns, and why, go. 
Are kept in their Orbits by the power of gravity, 101, 
150—158. 
Their motions very irregular as feen from the Earth, 137. 
~ The apparent motions of Mercury and Venus delineated 
by Pencils in an Orrery, 138. 
Flongations of all the reft as feen from Saturn, 147. 
Defcribe egual areas in equal times, 153. 
The Eccentricities of their Orbits, 155. 
In what times they would fall to the Sun by the power of 
gravity, 157. 
~ Difturb one another’s motions, the confequence of it, 163. 
Appear dimmer when feen through telefcopes than ‘by 
the bare eye, the reafon of this, 170. 
Pianetary Globe defcribed, 402. 
Polar Circles, 198. . 
Poles of the Planets, what, 19. ) 
Of the World, what, 122.. 
Celettial, feem to keep in the fame points of the Heavens 
all the vear, and why, 106. 
Precefion of the Equinoxes, 240—25 1. : 
Projectile Force, 150; if doubled, would require a quadruple 
power of gravity to retain the Planets in their: Orbits, 
15 
te F Pile otly an impulfe ge the hand of the Atmicary, 
161. 
Ptolemeca Syttem abfurd, 96, 140. 
: : Rigs 
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Rays of Light, when not difturbed, move in ftraight lines, and 
bine: not one another’s motions, 168. 
Are refracted in pafling through different mediums, 171. 
Reflection of the Atmofphere, caules the Twilight, 177. 


Refraction of the Atmofphere, bends the Rays of Light from 


firaight lines, and keeps the Sun and Moon longer i in fight 
than they would otherwife be, 178. 
A furprifing inftance of this, 183. 


Mutt be Etlaand for in taking the lutte’ of the celeftial. 


bodies, 183. Bags ack 
| Right Sphere, 131. 


S: 


Satellites, the eye) of their revolutions round their primary 
: Planets, 59, 73, 80. 
Their Orbits side ataa with each other, with the Orbits of 
the primary Planets, and with the Sun’s circumference, 


271. 
What fort of curves they defcribe, 272. 


Saturn, with his Ring and Moons, their Phenomena, 78, 79, | 


80, 81, 82. 

The Sun’s light 1000 times as ftrong to Satori as the light 
of the Full Moon is to us, 85. 

The Phenomena of his Ring farther explajned, 204. 

Our blefed Saviour, the darknefs at his CHR ReIOR fuperna- 
tural, 352. 

The prophetic year of his Bee, gould to agree with 
an aftronomical calculation, 395. 
Seafons, different, illuftrated by an eafy experiment, 200; by 
a figure, 202.. ' 

Shadow, what, 312. 

Sidereal Time, what, 221; the number of Sidereal Days ina 
year exceeds the number of Solar Days by ang, and why, 
222, 

An eafy method for regulating Clocks and Watches by ity 


29 


SMITH (Rev. Dr.), his comparifon between Moon- ons ‘and 


. day-light, 85. 
His demonftration that light decreafes as the {quare of the 
diftance from the luminous body increafes, 169. 
saith (Mr. Grores), his Differtation on the Progrefs of a 
folar Eclipfe ; following the Tables at 320. 
Solar Afironomer, the judgment he might be fuppofed to make 
concerning the Planets and Stars, mae 136. 
Sphere, parallel, oblique, and right, 131: 
Its Circles, 198. 
‘ Spring and Neap Tides, 302. 


Stars, 
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Stars, their vaft diftance from the Earth, 3, 196- 
Probably not all at the fame diftance, 4 
Shine by their own light, and are therefore Suns, 7; pro- 

bably to other worlds, 8. . 
Stars, a proof that they do not move round the Earth, 111. 
Have an apparent flow motion round the poles of the Eclip- 
tic, and why, 251, . 
A Catalogue of them, 362. 
Cloudy, '365, . 
New, 366. 
Some of them change their places, 367. . 
Starry Heavens, have the fame appearance from any. part of . 
the Solar Syftem, 132. 
Son, appears bigger than the Stars, and why, 6. 
Turns round his. Axis, 18¢ . . 
His proportional breadth as feen from the different Pla- 
nets, 87. 
Defcribes unequal arcs above and below the Horizon at 
different times, and why, 130. POO ane cua 
His center the only place from. which the true motions of 
‘the Planets could be feen, 135. 
Is for half a year together vifible at each Pole in its turn, 
and as long invifible, 200, 294. 
Is nearer the Earth in Winter than inSummem 205. _ 
Why his motion agrees fo feldom with the motion of a well- 
regulated Clock, 224-245. 
Would more than fill the Moon’s Orbit, 271. 
Proved to be much bigger than the Earth, and the Earth 
to be bigger than the Moon, 315. . 
Syftems, the Solar, 17—95; the Ptolemean, 96; the Tychonic, 
* 79. ‘ ; ‘ 
T: 


Tuble of thé Periods, Revolutions, Magnitudes, Diftances 
&c. of the Planets, facing § 98. Te Ton ativan ep 
Of the Air's rarity, compreffion, and expanfion, at different 
heights, 174- ' 
_Of refractions, 182. ; 
_ For converting time into ‘motion, and the reverfe, 220. 
For fhewing how much of the celeftial Equator paffes over 
the Meridian im any part of a mean Solar Day ; and how 
much the Stars accelerate upon the mean Solar time for 
a month, 221. _ 
Of the firft part of the Equation of time, 229 5 of the fecond 
part, 24] . Poot apree 
Of the preceffion of the Equinoxes, 247. 
‘Of the length of Sidereal, Julian, and: Tropical Years, 


* 


251. 
Of the Sun’s place and Anomaly,’ | ; 
Of the Equation of Natural Days, following 251. 
Of the Equation of Time , 
Si Mm — Table 
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Tubie of the Conjunctions be the hour awa minute hands of! a 
* ~ Watch, 264. f 
Of the Curves defcribed by the Satellites, sii. 
/- OF the difference of Time in the Moon’s rifing, and felting 
‘on the parallel of London every day during her courte 
round the Ecliptic, 277. 
Of the returns of a Solar Belipte, 321. #0 
ORECH pees sory 
- For ealculating New and Full Moons i a follow- 
ing 353 
OF the Conttellations and number of Sinsba: 362. 
Of the Fewifh, Eg gyptian, Arabic, and Grecian months,'379. 
For inferting the Golden Numbers right ‘in ‘the sane ney 9 
956.00: 07.4 
Of the times of all the New Moons, fok 76 Years, 387. 
Of remarkable AZras or Events, 396. | 
Of the Golden Number, Number of Direction, Metciniesl 
Letter, and Days of the Months, follow: ring 396. 
THaLgs’s Eclipfe, oe ie 
_ THucybipes’s Eclipfe, 324- pe 
‘Tides, their Caufe and Phenomena, 295-311. | 
‘Tide-Dial defcribed, 404. > 
, Trajectorium Lunare deferibed, 403- 
Tropics, v89. 
 Pueilight, none in thie Mosh, g540° oh 
Tychonic Syjtem abturd, 97. ° | si 5 Oa. 
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‘Unirerje, the Work of Almighty Power, 5; 161: ae 


ate and down, only relative’ terms, 122. 


oa or under fi de sc the Earth, no fuch thing, 123. 
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Velocity of Light compared with the velocity of the Earth ih | 
ifsannual “Orbit, 197. 
. Venus, her bulk, diftance, period, Tength of days: and nights 
‘ 2602.. % 
Venus is our morning and evening Star, 08. 
Her Axis, how fituated, 29. \ 
Her furprifing phenomena, 29-43. 
_ ‘The inclination of her Orbit, 45. ~ 
When fhe will-be feen on the Sun, ¢béd. 
How it may probably be. foon known if the has a prt 
46, “29 
' Appears in ‘all the fhapes of the Moon, 23, 141, 
An Experiment to fhew her Phafes and apparent Motion, 
141 i : 
~ Vefta, Fie n | Rae : 
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